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Preface 
As 1987 starts, a major effort at ILCA is to revise the Centre's long-term strategy for increasing 
livestock production in sub-Saharan Africa. Some of the questions recently asked at ILCA are: 
Do we know enough about the role of livestock in African economies? Which are the livestock 
species and products we should concentrate on in order to increase output and improve the 
quality of life of African livestock owners? Which improvements in livestock production can 
rapidly increase subsistence food production? In which areas does ILCA have comparative 
advantages over national research centres and in which areas should the Centre cooperate 
more closely with national institutions? 
This issue of the ILCA Bulletin does not provide comprehensive answers to these questions ––
they will be reflected in ILCA's strategy for the future. However, the papers included here are 
evidence of ILCA's past and present searches for ways of increasing subsistence food 
production in sub-Saharan Africa. 
Considerable attention is paid to dairying and dairy technologies, since milk plays an 
important role in both pastoral economies and mixed farming systems. Pastoralists rely on milk 
not only for subsistence, but also as a commodity which can be exchanged for grain, thus 
forestalling the sale of live animals until late in the dry season, or sold for cash which can be 
used to purchase grain and other items needed by the family or to reinvest in livestock. 
Developing smallholder dairying will increase farm income and provide more employment 
opportunities in rural areas. In order to be marketable, milk must be processed into more stable 
products. Several milk processing techniques have been adapted by ILCA for small-scale use; 
among those that have been tried successfully in Ethiopia are techniques for manufacturing 
fermented milks, butter and butter oil and curd or pickled cheeses. 
Improvements in livestock production can also be measured in terms of traction, which 
involves animal power, land-management techniques and implements. ILCA has designed two 
low-cost modifications to the traditional, ox-drawn plough (maresha) used in Ethiopia. The 
implements––a terracing plough and a broadbed maker–– were tested in on-station and on-farm 
trials, and the preliminary results indicate that their use can improve soil and water 
conservation, increase crop yields and reduce farm-level labour requirements. 
In the subhumid zone of Nigeria, cereal crop residues provide a substantial proportion of the 
diet of cattle during the dry season. The traditional method of cultivating cereal crops in the zone 
is ridging, which, although being labour intensive, appears to be particularly beneficial on 
seasonally waterlogged, ferruginous soils. ILCA's scientists investigated the benefits of this 
method of cultivation in a study conducted in Abet; its findings are discussed on pages 32–35. 
‘Unconventional livestock’ is not featured in ILCA's list of priorities. In fact, it is most unlikely 
that the Centre will undertake any work on such animals as grasscutters, Guinea pigs, water 
buffaloes, snails or frogs. Nevertheless, since ILCA is a livestock centre, and since 
unconventional livestock––particularly some species of the so-called microlivestock––often 
provide the only source of animal protein to the very poor, it was considered appropriate to bring 
this topic to the attention of our readers. 
Once again we remind readers that contributions to the ILCA Bulletin are welcomed from any 
person working in livestock research and development in sub-Saharan Africa. A ‘style guide’ for 
authors is included at the end of this issue; please follow this guide when preparing a 
submission to the Bulletin. 
Inca Alipui 
Editor, ILCA Bulletin 
Publications Division,  
ILCA, P.O.Box 5689,  
Addis Ababa,  
Ethiopia. 
  
Options for smallholder milk processing in sub-Saharan 
Africa* 
F. O'MAHONY and K.J. PETERS 
ILCA, P.O. Box 5689, Addis Ababa, Ethiopia 
*At the time this paper was being edited for publication, its first author died in a car 
accident in Sidamo, Ethiopia. 
Summary 
MILK IS PRODUCED in almost every production system of sub-Saharan Africa, but only a 
minor portion of this milk enters the commercial sector owing to marketing constraints and lack 
of processing techniques suitable for smallholder dairying. ILCA's Dairy Technology Unit has 
identified simple standard methods which, when adapted to suit local conditions, can be used to 
process milk into high-quality dairy products. The manufacture of stable marketable products 
including butter, ghee, low-moisture cottage cheese, some hard cheeses and fermented milks 
will provide smallholder producers with an additional source of cash, facilitate reinvestment in 
the enterprise, yield byproducts for home consumption and enable the conservation of milk 
solids for future sale or consumption. The technologies described in this paper can be rapidly 
transferred by appropriate training programmes. 
Introduction 
Milk is an important product in most pastoral and agropastoral systems of sub-Saharan Africa 
and in the smallholder farming systems in areas with high human population density. In these 
production systems, milk is one of the staple foods, providing such vital nutrients as calcium, 
protein, phosphorus and lipids, and, in many instances, is a major source of cash for the family. 
Dairy income is usually used to purchase food grains, clothing and other household items, but it 
may also provide the means of financing some aspects of rural development. The amount of 
cash generated by dairying will depend on the form in which milk is marketed, the accessibility 
of markets, and on whether the prevailing pricing arrangements allow for a realistic margin 
between the purchase and sale prices of milk. 
Most milk produced in the rural areas of sub-Saharan Africa is consumed at home or bartered, 
either fresh or sour, and only in the vicinity of urban markets are milk surpluses processed into 
dairy products (especially butter) with longer shelf life. Traditional methods of milk processing 
generally give low yields of final product per unit of milk and require high labour inputs, while the 
manufactured products have low stability and are hygienically inferior to similar products 
produced in large-scale dairy plants. 
Although the success of any dairy development scheme depends to a large extent on the 
available marketing facilities and the pricing policies pursued, an equally important factor at the 
smallholder level is the availability of small-scale processing techniques for the manufacture of 
high-quality dairy products with good storage characteristics. The work of the Dairy Technology 
Unit at ILCA is aimed at developing appropriate physical and technological means for milk 
processing at the smallholder level. In addition, technologies for small-scale processing of milk 
by village cooperatives are being investigated. ILCA's efforts in the field of smallholder milk 
processing are expected to have an impact on employment and earning opportunities in rural 
areas, as well as on the viability of smallholder mixed enterprises. 
This paper describes the major constituents of cow's milk and their exploitation in milk 
processing. The technologies needed for small-scale manufacture of such dairy products as 
fermented milks, milk-fat products and soft or pickled cheeses are discussed, as well as the 
product options most suitable for on-farm or village-level manufacture. Some suggestions on 
how best to utilise byproducts of butter and cheese making are made. 
Milk composition 
In Africa, milk from cows, sheep, goats and camels is used. Of these, cow's milk is the most 
widely produced and processed and the subsequent discussion in this paper refers to cow's 
milk only. Since the nutritive quality of milk and its value as a raw material for making food 
products is determined by its composition, a general overview of its components is presented. 
Essentially, milk is an emulsion of fat in a watery solution of sugar and mineral salts, with protein 
in a colloidal suspension. The major solid constituents of milk are fat, protein and carbohydrate. 
Milk salts, enzymes, vitamins and trace elements are minor constituents but are very important 
for balanced human nutrition. The concentration of each constituent varies and is determined by 
genetic, physiological and environmental factors (Webb et al, 1983). The average composition 
of milk from Bos taurus and Bos indicus cows is shown in Table 1. 
Table 1. Average composition of milk from Bos taurus and Bos indicus cows. 
Constituent  
Average percentage by weight 
Bos taurusa Bos indicusb 
Water 87.2 86.1 
Fat 3.7 5.3 
Protein 3.5 3.4 
Lactose (carbohydrate) 4.9 4.6 
Ash (minerals) 0.7 0.6 
Solids-not-fat 9.1 8.6 
Total solids 12.8 13.9 
Sources: a Webb et al (1983).  
b Ethiopian Nutrition Institute (1980). 
Milk processing exploits one or more of the major solid constituents of milk. Commercially, milk 
fat is the most important solid fraction in milk, while milk proteins are important for human 
nutrition (O'Sullivan,1973). Water and minor constituents such as milk salts are incorporated in 
all milk products to varying degrees. 
Milk fat 
Milk fat is one of the most complex natural fats known, comprising a mixture of triglycerides––
fatty acids esterified with glycerol––and several minor lipid components, such as phospholipids, 
sterols, carotenoids and the fat-soluble vitamins A, D, E and K. The triglyceride esters are 
peculiar to milk and markedly influence the texture of dairy products. Their chemical formula is: 
 
where: 
Rn = fatty acids with C4 to C20 hydrocarbon chains. 
The molecules of fatty acids may be saturated or unsaturated. Saturated fatty acids have no 
carbon-carbon double bonds, whereas unsaturated fatty acids have one or more of these 
bonds. The melting point of milk fat increases with the length of the carbon chain and decreases 
with a higher degree of unsaturation. Because the fatty acids in milk fat vary in chain length and 
degree of unsaturation, milk fat melts gradually (Webb et al, 1983) and this affects its 
processing properties (Brunner and Jack, 1950). 
Fat is present in milk in the form of tiny droplets (fat globules) suspended in milk plasma and 
forming an oil-in-water emulsion. Milk fat can be concentrated into cream by gravitational or 
centrifugal separation and de-emulsified from either milk or cream by agitation. After working, 
the concentrated mass of fat is recovered as butter containing lipids, some water and non-fat 
milk solids. Water can be removed from the butter by evaporation and the clear fat separated 
from non-fat milk solids to produce butter oil (McDowell, 1953). 
Milk proteins 
The two main groups of milk proteins are caseins, which account for up to 80% of the total 
protein in milk, and whey proteins, which account for about 20% of the total milk proteins but are 
of higher nutritional value than caseins (O’Sullivan, 1973). 
Caseins can be precipitated from raw skim milk by acidification to pH 4.6 at 20°C. They form 
relatively large (30 to 300 mm diameter), nearly spherical particles known as micelles. Caseins 
are heterogeneous proteins which are stabilised by the k-casein fraction, and which can be 
recovered from milk by either acid or enzymatic precipitation (Webb et al,1983). Enzymatic 
precipitation of caseins is used to coagulate milk for cheese making. The traditional coagulant is 
rennin, a proteolytic enzyme extracted from the abomasa of 10- to 30-day old, milk-fed calves. A 
variety of coagulants of animal, plant and microbial origin are now used in cheese making 
(Green, 1977). 
Whey proteins are also heterogeneous but they are more soluble than caseins and denature at 
temperatures above 60°C (Harland et al, 1953). Denatured whey proteins are less soluble than 
undenatured whey proteins, enabling them to coprecipitate with caseins at pH 4.6. Heating milk 
to 80°C for 30 minutes denatures most whey proteins and they can be recovered with caseins 
by acid precipitation (Larson and Rolleri,1955). 
Whey proteins form chemical complexes with caseins at temperatures above 80°C (Hartman 
and Swanson, 1965), and this inhibits enzymatic coagulation of milk. Heating milk to high 
temperatures prior to renneting cannot therefore be used to increase the yield of rennet 
cheeses. Care must also be taken not to overheat milk during pasteurisation, as the denatured 
whey proteins will again inhibit rennet coagulation. 
Lactose 
Lactose is a disaccharide found only in the milk of mammals (Webb et a1,1983). Usually it is the 
predominant solid in milk, but cows of some breeds produce milk containing more fat than 
lactose. Lactose is present in solution and is therefore more difficult to recover from milk as an 
isolated fraction. Bacterial fermentations of lactose to lactic, acetic and propionic acids are 
critical to many milk processing techniques, since the resultant acidity helps to preserve the 
other milk constituents and to accelerate casein precipitation in cheese making. 
Minor milk components 
Milk salts, enzymes, vitamins and trace elements are classified as minor milk components. Milk 
is rich in calcium (Ca), phosphorus (P), potassium (K), sodium (Na) and chlorine (Cl), in addition 
to containing small amounts of iron (Fe), copper (Cu) and zinc (Zn). As a source of Ca and P, 
milk is particularly important in diets based on cereals. However, very high concentrations of Ca 
and P in milk fed to infants can adversely affect its nutritional properties. 
On average, milk contains 132.1 mg Ca and 95.8 mg P per 100 ml, with 39.2% of Ca and 37.9% 
of P being in the soluble phase while 61% of Ca and 61 to 63% of P are associated with casein 
in the colloidal phase (Webb et al, 1983). These colloidal salts are recovered with caseins in 
rennet cheeses. The physical stability of caseinates is highly dependent on the type of salts 
present, which means that the physical state of the salt system affects rennet coagulation time 
(Fox, 1969b). 
Dairy products for smallholder manufacture 
Although the manufacture of many dairy products necessitates high technical and capital inputs, 
there is a range of products suitable for small-scale processing at the farm using simple 
equipment. The processing steps required to make some of these products, as well as their 
composition and keeping quality, are given in Tables 2, 3, 4, 5 and 6. Figure 1 shows the major 
solid constituents of milk incorporated in the dairy products described in Tables 2 to 6. 
 
 
 
 
 
Table 2. Process, composition, yield and keeping quality of fresh milk, separated milk and 
cream. 
Dairy product Process 
Composition Yield 
(litres of 
milk/kg 
product)  
Keeping 
quality 
Moisture 
(%) 
Protein 
(%) 
Fat 
% 
Lactose 
(%) 
Ash 
(%) 
Whey 
protein 
(%) 
Fresh milka None 87.2 3.5 3.7 4.9 0.71 0.75 1 5 
hours 
Fresh milkb None 86.1 3.4 5.3 4.6 0.6 n.a. 1 5 
hours 
Separateda milk Milk 
separation 
90.5 3.6 0.1 5.1 0.7 0.75 1.2 5 
hours 
Creama   57.3 2.2 36.8 3.2 0.6 n.a. 10c 1 day 
Sources and notes: aWebb et al (1983) for milk from Bos taurus cows. 
bEthiopian Nutrition Institute (1980) for milk from Bos indicus cows. 
cThe yield of cream varies with the composition of milk and separation method used.  
n.a.= not available. 
Table 3. Process, composition, yield and keeping qualities of fermented milks. 
Dairy product Process 
Composition Yield 
(litres of 
milk/kg 
product)  
Keeping 
quality Moisture 
(%) 
Protein 
(%) 
Fat 
% 
Lactose 
(%) 
Ash 
(%) 
Lactic 
acid 
(%) 
Sour milk 
(irgo)a 
Natural 
fermentation 
88.5 4.7 2.2 3.9 0.7 0.91 1 10 days 
Kefirb 
Sterilisation 
followed by 
inoculation 
89.4 3.5 2.0 4.0 0.7 0.60 1 10 days 
Yoghurtb 
Sterilisation 
followed by 
inoculation 
87.2 3.4 3.4 4.1 0.6 0.90 1 10 days 
Acidophilus 
skim milkb 
Acid fermentation 90.1 3.5 0.5 4.4 0.7 0.70 1  1 day 
Sources: a Ethiopian Nutrition Institute (1980).  
b Webb et al (1983). 
 
 
 
Table 4. Process, composition, yield and keeping quality of milk fat products. 
Dairy product Process 
Composition Yield 
(litres of 
milk/kg 
product)  
Keeping quality Moisture 
(%) 
Protein 
(%) 
Fat 
% 
Lactose 
(%) 
Ash 
(%) 
Lactic 
acid 
(%) 
Sour milk 
(irgo)a 
Natural 
fermentation 
88.5 4.7 2.2 3.9 0.7 0.91 1 10 days 
Kefirb 
Sterilisation 
followed by 
inoculation 
89.4 3.5 2.0 4.0 0.7 0.60 1 10 days 
Yoghurtb 
Sterilisation 
followed by 
inoculation 
87.2 3.4 3.4 4.1 0.6 0.90 1 10 days 
Acidophilus 
skim milkb 
Acid fermentation 90.1 3.5 0.5 4.4 0.7 0.70 1  1 day 
Sources and notes:  
a Webb et al (1983)for milk from Bos taurus cows.  
b Ethiopian Nutrition Institute (1980).for milk from Bos indicus cows. 
c The yield of cream varies with the composition of milk and separation method used. 
n.a.=not available. 
Table 5. Process, composition, yield and keeping quality of byproducts of butter making. 
Dairy 
product  
Process 
Composition Yield 
(litres of 
milk/kg 
product)  
Keeping 
quality Moisture 
(%) 
Protein 
% 
Fat 
% 
Lactose 
% 
Ash 
% 
Salt 
 %  
Whey 
protein % 
Lactic acid 
(%) 
Separated 
milka 
Milk separation 
90.5 3.6 0.1 5.1 0.7 0 0.75 0 1.1 5 hours 
Buttermilk 
(A)b 
Churning of sour 
milk 
91.5 3.1 1.4 3.2 0.6 0 0.75 0.8 1.1 5 days 
Buttermilk 
(B)a 
Cream Churning 
90.5 3.6 0.4 4.3 0.7 0 n.a 0 16 5 days 
Ayibb Heating ripened 
buttermilk (A) 
79.5 14.7 1.8 
–c 0.9 0 
–c –c 8 5 days 
Whey Heating ripened 
buttermilk (A) 
93.5 0.7 0.4 
–d 0.8 
–d 0.7 0 0 – 
Sources and notes: aWebb et al (1983). 
bData obtained from ILCA studies in Debre Zeit and Debre Berhan, Ethiopia. Ayib resembles 
cottage cheese in texture but differs from it in the way it is made. 
c, dContent of constituents varies with the process used. 
 
Table 6. Process, composition, yield and keeping qualities of Halloumi, Queso Blanco, Feta, 
‘White cheese’ and Domiati cheeses. 
Cheese 
Variety  
Process 
Composition Yield (litres 
of milk/kg 
product  
Keeping 
Quality Moisture 
% 
Protein % Fat % Ash % 
Halloumi Rennet coagulation, 
and boiling the curd 
35 26 33 3 9.5 >60 days 
Queso Blanco Heating milk to 830C 
and acidification 
46 24 23 3 8.00 >60 days 
Feta Rennet coagulation 
and pickling 
49 17 27 3 9 1 year 
‘White cheese’ Rennet coagulation 
and salting 
52.3 22 23 4.3 9.00 1 year 
Domiati/ 
Gybna Beyda 
Salting milk, rennet 
coagulation 
61.5 12.5 120 4.0 6.00 1 year 
Source: Unpublished ILCA data. 
  
Sour milk and yoghurt contain all milk constituents, while cream, butter and butter oil are high in 
fat. Caseins are incorporated with fat and moisture in hard cheeses and can also be precipitated 
from defatted milk as cottage cheese. Lactose and whey proteins are incorporated in whey. 
Fermenting milk reduces its pH, which in turn limits the growth of putrefactive and lipolytic 
bacteria, thereby preserving milk solids (Kosikowski, 1982). The low moisture content of butter 
and cheese retards bacterial growth, and as a result these products have greater storage 
stability than whole milk. Salting butter and cheese also retards bacterial growth (Hunziker, 
1927; Kosikowski, 1982). Thus dairy products of good storage stability can be made by applying 
the three basic methods of pH reduction, moisture reduction and salting. 
Fermented milks 
Background 
Fermented milks originated in the Near East, perhaps before the Phoenician era. They are 
nutritious, tasty and stable products obtained from good-quality milk subjected to one of a 
number of controlled fermentations (Fox, 1967). In some countries, fermented milks (e.g. 
yoghurt, kefir, acidophilus skim milk) are preferred to fresh milk because of their hygienic safety, 
better flavour and texture and possible therapeutic effects (Kosikowski, 1982). The Russian 
biologist Metchnikoff, who was a research associate of Louis Pasteur, attributed the longevity of 
the people in the Balkan states to their very high consumption of fermented milk products (Fox, 
1967); more recently, other scientists have also begun speculating that the unique qualities of 
fermented milks may be of value in geriatrics. 
 
Natural fermentation 
Production of fermented milk is wide-spread in sub-Saharan Africa. In Ethiopia, milk is allowed 
to ferment naturally without addition of a starter. Milk is accumulated over a number of days in a 
clay pot vessel (of about 24 litres volumetric capacity) or in a bottle gourd (O’Mahony and 
Ephraim Bekele, 1985a) and allowed to develop up to 1% acidity. In cold weather the vessel is 
placed near the fire to keep the milk warm. The soured milk (irgo) is viscous, has a strong acid 
flavour, and is consumed as a side dish. If not consumed, sour whole milk is used for butter 
making. 
Natural fermentation of milk exploits lactic-acid-producing streptococci and lactobacilli which are 
present in any milk and which generally suppress spoilage and pathogenic organisms. A similar 
fermentation process is used by the Fulani (Waters-Bayer, 1986) and Maasai pastoralists 
(Grandin, personal communication). Borana pastoralists in Sidamo, Ethiopia, make a 
concentrated fermented milk by removing clear whey (about one sixth of the total milk volume) 
from coagulated cow's milk. The product can be stored for up to 20 days (O’Mahony,1986). 
The processing steps of heating milk to sterilisation temperature, followed by cooling and 
inoculation with bacteria (starter cultures) to achieve a controlled fermentation, are not used by 
either pastoralists or smallholders in sub-Saharan Africa. Heating kills undesirable organisms 
and also concentrates the milk, giving the fermented product a heavier body (Fox, 1967). The 
use of pure bacterial cultures as starters enables different acid flavours to be developed, leading 
to a range of fermented (‘cultured’) products. Since ‘cultured’ milks have better storage stability 
than fresh milk, and a better product consistency than naturally soured milks, their introduction 
into the small-holder processing system should be considered. 
Technology of fermented milks 
Milk for fermentation is first boiled for a considerable time to reduce the microbial population. It 
is then cooled, inoculated with starter culture or fermented milk from a previous batch and 
incubated at 30 to 38°C for 3 to 4 hours. Higher temperatures cause wheying off, while lower 
temperatures result in slow fermentations and may lead to the establishment of undesirable 
micro-organisms. Fermented milks can be made in simple containers of any size. 
Figure 1. Incorporation of major milk solids in the dairy products described in Tables 2 to 6. 
 
Defects 
Off-flavours described as ‘unclean’, ‘putrid’ and ‘bitter’ are caused by coliform and putrefactive 
organisms. Good sanitary procedures and adequate heat treatment prior to fermentation help to 
prevent spoilage. Other problems are sharp acid flavour, which occurs if the fermentation is too 
vigorous, and wheying off, which is the result of the temperature being too high during 
fermentation. 
Milk fat products 
Butter 
Commercially, milk fat is the most significant solid fraction in milk. The two main products made 
from milk fat are butter and butter oil. Butter can be produced under smallholder conditions by 
churning either sour whole milk or ripened cream (Figure 2). Sour milk is usually churned in a 
bottle gourd or an earthenware jar (O’Mahony and Ephraim Bekele, 1985a), but any watertight 
vessel of the required volume is suitable. Churning efficiency can be improved by the use of an 
agitator (Figure 3). Provided that the churning temperature is held below 16°C the process 
enables efficient recovery of milk fat as butter from up to 12 litres of milk in each batch 
(O’Mahony and Ephraim Bekele, 1985a). Churning temperature can be reduced by evaporative 
cooling. 
Figure 2. Products and byproducts of butter making. 
 
Figure 3. Traditional churn fitted with a wooden, detachable agitator. 
 
  
For larger milk volumes (up to 300 litres), centrifugal separation of cream (Figure 4) followed by 
churning cream in a wooden churn (Figure 5) is more appropriate. Centrifugal separation 
concentrates milk fat in the cream phase; with proper temperature control (35–40°C) and correct 
operation of the separator, as little as 0.1% of the milk fat remains in the separated milk 
(Hunziker, 1927). Cream separation offers more processing options than are available with 
soured milk. 
Figure 4. Centrifugal cream separator. 
 
After separation, cream is allowed to ferment for 2 to 3 days until serum acidity exceeds 0.5 % 
and milk fat becomes viscous and solidifies. Both factors influence the speed and effectiveness 
of churning, while the diacetyl, propionic and acetic acids developed during fermentation 
contribute to the more aromatic flavors of ripened butter. The churn should be filled to not more 
than half its volumetric capacity. The type shown in Figure 5 is normally used to churn up to 20 
litres of cream per batch. 
Figure 5. Wooden churn for cream churning 
 
  
The efficiency of churning is influenced by the churning temperature; as this decreases from 24 
to 14°C churning time increases, resulting in increased fat recovery as butter (Hunziker, 1927). 
The break point in churning sour whole milk or cream is reached when visible butter grains 
begin to form, which is also indicated by the changing sound of the churn. Churning should be 
stopped when the butter granules are the size of sorghum grains or small peas; if they are 
smaller, fat losses will be high, while overchurning makes it difficult to control the moisture 
content of the finished product. After churning the contents of the churn are strained through a 
muslin cloth to recover the butter. Washing butter in cold water removes residual non-fat milk 
solids and reduces the off-flavours associated with them, but it also depresses butter yield. 
Butter yield. The two main factors determining butter yield are the quantity of butter fat extracted 
from milk and the amount of moisture incorporated in the butter. The standard level of fat in 
butter is set at not less than 80% milk fat, and most developed countries also specify that 
moisture level should not exceed 16% (Webb et al,1983). While processing losses are 
unavoidable, these should not exceed 5% of the total fat available in sour whole milk and 3% of 
the total fat in cream. Care should also be taken to ensure complete moisture incorporation to 
16%, of the weight of butter. 
Assuming that butter is composed of 82% fat, 2% non-fat milk solids and 16% moisture, the 
expected yield of butter from 100 kg of milk containing 3.7% fat can be calculated as follows: 
1. Weight of fat = 3.70 kg 
2. A 5% fat loss during production = 0.19 kg 
3. Fat available for butter making = 3.51 kg 
4. Expected yield of butter containing 82% fat = 3.51 x 100/82 = 4.30 kg 
Salting butter to 2% increases its keeping quality and yield. The expected yield of salted butter 
containing 80% milk fat, 2% milk solids non-fat, 2% salt and 16% moisture is 3.51 x 100/80 = 
4.4 kg. 
Butter quality. Butter deteriorates rapidly at high temperatures. Besides the off-flavours 
attributed to the non-fat milk solids there are two other off-flavours––caused by hydrolytic and 
oxidative rancidity––which develop in the fat itself (Downey,1970). Hydrolytic rancidity is caused 
by lipolysis, i.e. hydrolysis of the triglyceride to glycerol and component free fatty acids: 
 
which is: 
triglycende + water + enzyme = glycerol + free fatty acids 
where: 
Rn = fatty acids of C4 to C20 chain length. 
Off-flavours caused by hydrolytic rancidity dominate the flavour of traditionally produced butter. 
Rancid butter is favoured in certain markets, but as the level of free fatty acids increases above 
10%, the market value of butter decreases. Hydrolytic rancidity can be retarded by salting butter 
to 2% salt by weight, which delays its development, presumably by inhibiting bacterial activity. 
This type of rancidity in butter can also be minimised by using polythene-lined, opaque 
packaging and storing in a cool place. 
Oxidative rancidity is caused by lipid oxidation and occurs in unsaturated fatty acids. In butter, it 
is manifested by off-flavours which are due to a number of breakdown products formed in a 
series of chemical reactions. Lipid oxidation is accelerated by the presence of metals (Cu, Fe 
and Ni), low pH, oxygen, high temperature and light (Downey, 1970). It can be retarded by 
packing butter in opaque packages and storing in a cool place. 
Butter oil 
Butter oil, also known as dry butterfat or ghee, consists of fat which is almost completely free of 
water, protein, milk sugar and mineral substances (McDowell, 1953). In some areas of India the 
product is made by direct evaporation of milk or cream (Madan Pal and Rajorhia,1975). This 
process requires a lot of heat and results in much of the fat becoming entrapped in curd 
particles. A more efficient method is to evaporate moisture from butter made by churning sour 
whole milk or cream (Madan Pal and Rajorhia, 1975). Melting butter in an equal volume of water 
at 60°C, followed by centrifugal separation, gives a good yield of butter oil. The product is free 
from non-fat milk solids and contains not more than 1.5% moisture (O’Mahony, un-published 
data). The residual moisture can be removed by further heating. According to Madan Pal and 
Rajorhia (1975), the product yield in butter oil manufacture should be about 97% of the total fat 
processed. 
Preservation of butter oil. Heat treatment and the low moisture content in butter oil prevent the 
development of hydrolytic rancidity in the product. Oxidative rancidity will occur but can be 
minimised by packing butter oil in opaque, air-tight containers and storage in a cool place 
(McDowell, 1953). 
Byproducts of butter making 
Butter making recovers almost all the milk fat but not the proteins and lactose. Further 
processing of milk after removal of fat yields protein in a stable form. Churning sour whole milk 
gives buttermilk, cottage cheese (known as ayib in Ethiopia) and whey as byproducts. The main 
byproducts of butter making based on milk separation and cream churning are skim milk, 
cottage cheese, whey and buttermilk. Fresh, separated milk can be consumed by humans, fed 
to animals or added to cheese milk. The latter is an attractive option since it increases the yield 
of cheese. Separated milk can be ripened and heated to precipitate soft cheese. The 
supernatant whey can either be consumed by people or fed to animals. 
Buttermilk, which is a byproduct of traditional butter making, is usually consumed without further 
processing (Beyene Kebede, 1983). In some areas of Ethiopia, it is heated to produce ayib. The 
process enables good recovery of caseins and residual fat and yields a marketable product 
(Whalen,1985). Initial studies by ILCA showed that the remaining whey contains as little as 
0.75% protein, indicating a near-complete recovery of casein. 
About 8 litres of buttermilk are needed to produce 1 kg of ayib. The product contains 79.5% 
water, 14.7% protein, 1.8% fat and 0.9% ash. The high moisture content in the product 
contributes to its poor keeping quality. It has been reported that ayib with longer shelf life is 
produced in some parts of Ethiopia, by heating buttermilk to very high temperatures and then 
pressing out as much water as possible. 
In summary, the on-farm method of processing small quantities of accumulated sour milk is 
flexible, requires little capital input and enables good product recovery. Processing larger 
volumes of milk into butter and skim milk gives the processor more efficient recovery of butterfat 
and provides more options for the disposal of separated milk, but also requires more equipment. 
Cheese varieties 
Background 
Cheese is known to have been the standard fare of the ancient Greeks and Egyptians. The art 
of cheese making was popularised by the Romans, and at present there are over 2000 known 
varieties of cheese (Kosikowski, 1982). Cheese is a good source of fat and protein (Scott, 
1981), and as such it has a high nutritional value. Many cheese varieties require considerable 
technical skill and equipment in their manufacture. An important aspect of cheese making is the 
treatment of milk with starter cultures to produce controlled amounts of lactic acid in the curd, 
while many cheese varieties require special storage facilities for ripening. 
Small-scale cheese making 
The five cheese varieties (Halloumi, Queso Blanco, Feta, Domiati and ‘White cheese’) 
discussed in this section are relatively simple to manufacture under smallholder conditions in 
Africa. The processing steps required are shown in Figures 6 to 10. Some of the varieties are 
already made in parts of Africa and resemble either boiled-curd or pickled cheeses which can 
be ripened and preserved under tropical conditions. The compositions and expected yields of 
the five varieties tested at ILCA are given in Table 7. Cheese yield is affected by the 
concentration of fat, caseins and insoluble salts in milk, as well as by processing efficiency and 
moisture incorporation in the final product. 
Figure 6. Processing steps for Halloumi cheese. 
 
Figure 7. Processing steps for Queso Blanco cheese. 
 
Figure 8. Processing steps for Feta cheese. 
 
Figure 9. Processing steps for Domiati cheese. 
 
Figure 10. Processing steps for ‘White cheese’. 
 
Halloumi cheese originated in Cyprus and was first made from sheep and goat milk (Brumby, 
personal communication). Its manufacture does not need starter cultures and the milk, now 
usually from cows, is not standardised. At ILCA, the cheese has been made using rennet and 
bovine pepsin as coagulants, and the trials have indicated that the latter does not adversely 
affect the quality and yield of the cheese. 
An important processing step in the manufacture of Halloumi cheese is heating the curd to 
between 70 and 80°C. This pasteurises the curd, gives it the correct texture and denatures 
proteolytic enzymes. After heating the curd is removed, sprinkled with dried leaves of Mentha 
viridis and folded. Halloumi can be consumed fresh or ripened in whey brine. A whey cheese 
(anari) can be recovered from the residual whey as a byproduct (O’Mahony and Ephraim 
Bekele,1985b). 
Queso Blanco originated in Latin America (Kosikowski, 1982) and its name derives from the fact 
that it is white. This fresh, unripened cheese is made from cow's milk by direct acid precipitation 
of milk solids at 83°C. Milk is normally standardised to 3% fat, giving a fat-to-casein ratio of 
1.3:1. Various acidulants (e.g. acetic, lactic and citric acids) can be used to form the curd, which 
is then quickly removed, salted and pressed. The end product is white, creamy, with a salty and 
acid taste, has good slicing properties and a body texture similar to young, high-moisture 
cheddar, but does not melt well. Queso Blanco is usually consumed fresh, but it can also be 
cured and stored for extended periods. 
Queso Blanco has been made at ILCA using lemon juice diluted with an equal amount of water 
(O’Mahony and Ephraim Bekele, 1985b). The acidulant imparts a pleasant flavour to the cheese 
and product yield is good. The low protein content of the residual whey (Table 3) indicates good 
recovery of whey proteins by coprecipitation with caseins. Cream removed during milk 
standardisation can be used for butter or ghee making, which is another option worth 
considering in the context of smallholder dairying. Whey can be fed to animals or consumed by 
humans. 
Feta cheese is a white, pickled cheese ripened in salt brine. It originated in Greece, where it is 
normally made from sheep milk (O’Keeffe and Phelan, 1979). It can also be made from cow's 
milk, but the fat content must be adjusted to give a fat-to-casein ratio of 1.3:1. Feta cheese was 
made at ILCA from unpasteurised milk using the procedures outlined in Figure 8. The cheese 
ripened well in brine and developed good flavour. The high salt content of the brine ensures 
good storage stability over a 1-year period. 
Domiati cheese is a pickled cheese containing up to 10% salt. It is one of the most popular 
cheeses in Egypt (Fox, 1969a) and it is also made in Sudan, where it is known as Gybna 
Beyda. ‘White cheese’ contains more fat and protein and less moisture than Domiati cheese, 
and it is made by rennet coagulation and salting whereas the salt in the Domiati cheese is 
added to the milk before coagulation. The high concentration of salt in these cheeses enhances 
their keeping qualities. 
Table 7. Composition and yield of Halloumi, Queso Blanco, Feta, Domiati and ‘White cheese’, 
and residual whey protein. 
Variety 
Fat 
(%) 
Protein 
(%) 
Moisture 
(%) 
Salt 
(%) 
Ash 
(%) 
Yield (litres of 
milk/kg 
product) 
Whey 
protein 
Halloumi 33 26 35.0 3 3 9.5 0.77 
Feta 27 17 49.0 3.5 1 9.0 0.80 
Queso Blanco 23 24 46.0 3 3 8.0 0.29 
Domiati/Gybna 
Beyda 
12 12.5 61.5 7.5 4 5.5 0.76 
‘White cheese’ 23 22 52.32 6.7 4.23 9.5 0.80 
The cheese varieties described above can be made using small-scale processing techniques. 
Other factors favouring their manufacture by smallholders are good yield and stability under 
tropical conditions. Furthermore, the products proved acceptable to consumers. 
Processing options for development 
Milk, as it comes from the cow, has a temperature of about 38°C. Bacteria multiply rapidly in 
warm milk (Robinson, 1983). In sub-Saharan Africa, where the temperature, and often humidity, 
are high for most of the year, raw milk spoils quickly unless it is cooled or treated with a 
preservative (Korhonen, 1980). Preservatives are not readily available in rural areas and cooling 
systems are not feasible due to water shortages in many parts of the subcontinent. This makes 
collection of milk from rural areas counter-productive, as the milk quality will have deteriorated 
below acceptable standards by the time it reaches the centralised processing plant. In addition, 
milk collection systems in sub-Saharan Africa are difficult to operate, mainly because of the 
seasonality of milk supply, small quantities of milk produced and infrastructural problems. 
Stimulating efficient on-farm or village-level processing therefore appears to be a better strategy 
for dairy development in rural areas. The selection of products for small-scale manufacture will 
depend on the quantity of milk available for processing, the technical skills and equipment 
needed, marketing infrastructure and consumer preferences. 
Given the small amounts of surplus milk produced by smallholders, and the scarcity of small-
scale processing techniques, ILCA has tested a number of technologies which could be adopted 
by small-scale milk producers. Natural fermentation of milk is suitable for on-farm processing, 
since it is best achieved with small quantities of milk (1 to 2 litres/day) while the acidity 
developed preserves milk solids (Kosikowski, 1982) and improves churnability (Ephraim Bekele 
and O’Mahony, unpublished data). ILCA studies have shown that as little as 0.1–0.2% fat 
(determined by Gerber analysis) remains in the buttermilk when sour whole milk is churned at 
about 14 to 16°C (O’Mahony and Ephraim Bekele, 1985a). The equipment used to make butter 
from sour whole milk is available locally, and ILCA has designed a simple detachable agitator to 
improve churning efficiency. The butter produced can be sold fresh or salted and preserved for 
subsequent sale, or it can be converted into ghee. 
Residual liquid after butter making is highly nutritious (since it contains all the non-fat milk 
solids) and can be consumed without further treatment. Caseins are often recovered from the 
liquid in the form of ayib which is consumed fresh or preserved by salting or reducing its 
moisture content. Whey proteins are utilised as animal feed or in human diets. 
Village-level processing can be undertaken with milk volumes of up to 500 litres/ day. The 
recommended equipment includes hand-driven milk separators and wooden churns. ILCA's 
experience to date has shown that this equipment is quickly adopted in areas where sufficient 
milk is available for processing. Large yields of high-quality butter are being produced at 15 
producer cooperatives throughout Ethiopia, using milk separation and cream churning. Up to 
200 litres of milk are being processed daily at each unit. 
Centralised village processing of milk supplied by individual smallholders is presently being 
investigated. It is too early to comment on the effectiveness of this system in sub-Saharan 
Africa, but experience in India (Mogens Jul, 1977) shows that the system could be successful. 
Small-scale centralised milk processing reduces labour requirements on the farm, provides a 
nucleus for sale of farm inputs and strengthens the marketing capability of individual milk 
producers. 
The manufacture of cheese is difficult with small quantities of milk. However, a village 
cooperative could make cheese and thus widen its product range. The feasibility of making 
cheese by village cooperatives is now being investigated in Ethiopia. Preliminary observations 
indicate that cheese making may be a suitable option for rural cooperatives that are far from all-
weather roads, and therefore have to accept a lower price for their butter, and which have 
difficulties marketing ayib locally. 
The cheese varieties discussed in this paper are more stable than butter. Their manufacture 
would give farmers greater independence from local traders who exploit the fact that butter has 
to be sold before it develops rancidity above the acceptable level. Research on the economics 
of milk processing by village cooperatives and the potential market for cheese in rural areas of 
Ethiopia is under way in order to assess the viability of small-scale cheese production. 
A rapid introduction of appropriate dairy processing technologies in the field requires adequate 
training of extension agents. ILCA has held four courses in rural dairy technology during the 
past 2 years. The trainees were given basic training in milk chemistry and microbiology and 
were acquainted with the technologies described in this paper. Follow-up visits revealed that the 
trainees were passing on their newly acquired skills to farmers and that the equipment was 
being used properly. In October 1986, ILCA's Dairy technologist explained the Centre's dairy 
technology concept to the participants of a dairy training course organised by FAO in Kenya. In 
February 1987, ILCA's Dairy Technology Unit gave a dairy technology course to personnel from 
national training institutes, who are expected to conduct similar training courses in their 
countries. 
Conclusions 
At present, only a small fraction of the milk produced by smallholders in sub-Saharan Africa 
enters the commercial market, owing to lack of milk collection systems in rural areas, low 
producer prices for milk and scarcity of small-scale processing techniques. Yet making this milk 
available to consumers would improve both the economic status of smallholders and the 
nutritional status of the population. 
Dairy products suitable for small-scale manufacture include fermented milks, butter, butter oil, 
and some cheeses. The technology for their manufacture has been adapted to suit local 
conditions, and some of the modified processing techniques have been tried successfully in 
Ethiopia. 
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Summary 
MILK IS one of the main products in most pastoral systems in Africa, yet the contribution of 
dairying to pastoral economies is often overlooked. This study of the nomadic pastoral system in 
South Darfur shows that milk not only meets 25% of a pastoral family's caloric requirements, but 
also has an important exchange value. Bartering dairy produce enables pastoralists to grow less 
crops and concentrate on herd management, while the cash generated through dairy sales is 
partly used to purchase food grains, thus helping to forestall sales of live animals until the late 
dry season, and in drought years, to avert the depletion of the breeding stock. The author 
concludes that the role of milk as a source of income in pastoral economies can be enhanced 
by introducing more advanced milk processing techniques such as cheese-making, which would 
allow seasonally surplus milk to be used more efficiently. 
Introduction 
Since most African pastoralists neither subsist entirely on the products of their herds (Bates and 
Lee, 1977; Little, 1980; Toulmin,1983) nor grow sufficient crops to meet their food grain needs, 
they must sell or exchange livestock and their products to supplement domestic food 
production. They are therefore subject to seasonal and longer-term shifts in terms of trade 
between the main local commodities of live animals, dairy products and food grains, which 
fluctuate in absolute terms and relative to each other. Pastoralists take advantage of these 
shifting exchange values by entering or withdrawing from the market, depending on whether the 
terms of trade are in their favour. However, their options are limited in part by the seasonal 
availability of one of their main products, namely milk. The seasonal shortages and surpluses of 
milk therefore form the axes about which pastoral exchange and sales tactics revolve. 
The case presented here, that of South Darfur, Sudan, illustrates the extent to which dairy 
production and dairy sales permit pastoralists to adjust to climatic and extrinsic market forces. 
The pastoralists in this area alter their diet and exchange patterns according to the two 
overriding factors of seasonal milk fluctuations and shifts in terms of trade. While dairying thus 
accords pastoralists some degree of flexibility in responding to their physical and economic 
environment, the fact that milk is perishable, unless adequately processed, limits the present 
capacity of pastoralists to take greater advantage of seasonal milk surpluses. It is therefore 
argued that development efforts which increase pastoralists' ability to preserve and sell surplus 
milk would reduce their vulnerability to unfavourable terms of trade both seasonally and 
annually, as well as immediately increasing pastoral incomes. Furthermore, developing the 
pastoral dairy sector could well be a more feasible, efficient and equitable method of generating 
more value from pastoral herds than encouraging greater offtake of live animals (Kerven, 1986). 
This paper describes the characteristics of dairy production and processing in South Darfur and 
provides an analysis of the way in which pastoral families vary their diets according to seasonal 
food shortages and shifting terms of trade between milk and food grains. However, dairying in 
South Darfur provides more than food to pastoral families. The fact that milk is available for 
home consumption and for barter or sale is of critical importance for livestock sales and their 
pattern, and thus in buffering pastoralists against adverse terms of trade between food grains 
and live animals. This is particularly noticeable given the 3 years of drought recently 
experienced in the area. Dairying also permits pastoralists to concentrate on livestock 
husbandry, since the income in kind and cash generated by dairying reduces their need to grow 
cereal crops. Finally, dairy income makes a significant contribution to overall pastoral incomes, 
without which pastoralists would probably be forced to sell more live animals and possibly 
endanger the viability of their herds. 
The study area and production system 
The study area comprises the western part of Sudan's South Darfur region, through which 
Baggara and Fulani (locally known as Fellata) nomadic pastoralists move northwards towards 
the regional capital Nyala during the rains and retreat southwards to permanent water sources 
in the dry season. The area is characteristic of the Sahelo-Sudanian zone of savanna 
grasslands and woodlands, in which rainfall isohyets run on an east–west axis, with rainfall 
decreasing to the north. During the study period, South Darfur was experiencing its third year of 
below-normal annual rainfall, which seriously affected the pastoral economy of the region. 
The economy and cyclical migration patterns of the Baggara and Fellata in South Darfur are in 
many respects similar to those of pastoralists further west (see, for example, Swift et al (1982) 
for Mali and Swift (1984) for Niger). These similarities include the seasonal movement north to 
better grazing, during which families may subsist largely on milk; bartering of dairy produce for 
grain produced by settled groups; and the degree to which livestock are regularly sold in order 
to obtain grain. 
Both the Baggara and Fellata specialise in cattle husbandry, but also keep sheep, goats and 
camels (the latter principally for transport, though they are increasingly being used to provide 
draught power). Crops (mainly sorghum and millet) are grown by many nomadic families, who 
prepare and plant their fields at the beginning of the rains on their migration north and return to 
them on their way southwards, to protect and later harvest the grain. The Fellata pastoralists 
appear to be generally more dependent on their herds and to cultivate less and less frequently. 
This observation is borne out by the characterisation of the Fellata as rohal (nomads who rely 
solely on their herds) by the Baggara. 
Dairy production and processing 
Interviews were carried out in the late rainy and early dry seasons (September 1984 to January 
1985), at 35 different nomadic camps. Seventy-one individuals (pastoralists, agropastoralists, 
traders and officials) were interviewed. Numerous group interviews were also conducted. Data 
on milk production were collected by measuring the twice-daily milk offtake from 15 cattle herds 
belonging to the nomadic camp groups. The measurements were taken over 2- to 3-day periods 
at three intervals over 4 months. Milk offtake was measured immediately after the morning and 
evening milkings, for every cow in the herd which had been milked. A total of 142 samples of 
milk offtake was obtained. No attempt was made to measure the amount of milk consumed by 
calves. 
Peak milk production starts with the rains (rushaash) in June/July, following the main calving 
period in April/May (Wilson and Clarke, 1976). This conforms to the pattern across the Sahelian 
zone (Swift, 1984, p.111). Milk offtake during the rainy season could not be measured in this 
study, but according to the pastoral women interviewed a lactating cow in a South Darfur herd 
yields about 3.5 litres/day during that season. Peak production continues until the end of the 
rains (September/October), when most cows conceive (Wilson and Clarke, 1976). Milk yields 
start to decline at this time: the average milk offtake measured in October 1984 was 2.8 
litres/cow/day. By November daily milk offtake had decreased to 1.4 litres/cow/day, and by the 
middle of January 1985 average measured offtake was 0.6 litres/cow/day. (All measured yields 
excluded milk consumed by calves.) 
These milk offtakes are similar to those reported for zebu cattle in other parts of the Sahel. For 
example, milk offtake from the WoDaaBe cattle herds in Niger was reported to be 2.35, 1.35 
and 0.6 litres/cow/ day during the rainy season, after the rains (November) and in the mid-dry 
season (February) respectively (cited in Swift, 1984). The lower rainy-season milk yield for 
central Niger is no doubt associated with the lower annual rainfall (<350 mm) in that area 
compared with the 350 to 550 mm/year recorded in South Darfur during the 1981–84 period. 
Swift (1979) reported that during a year of ‘medium–good’ rainfall and pasture, Tuareg cows in 
Mali yield 2 litres of milk per cow per day for the first 2 months of lactation, with offtake dropping 
to 0.5 litre/cow/day in the sixth month (p. 238). A general figure of between 1.5 to 3 litres 
milk/cow/day is given for cattle kept by the Fulani in Senegal (Redon, cited in Teitelbaum, 
1977). Data on milk offtake from Fulani, Maasai and Boran cattle are also given by Nicholson 
(1984), who notes that "only recently have animal scientists begun recording milk" (p. 23). 
By harvest time in South Darfur (October–November) about half of all nomadic cows are 4 to 6 
months pregnant and according to owners, most cows stop giving milk when 6 months pregnant 
(see also Swift et al, 1982; Swift, 1984). A cow which has not conceived earlier in the year may 
continue giving milk for 10 or even 12 months, but her milk output will decline as the dry season 
advances. With a calving rate of about 65% (Wilson and Clarke, 1976), herd owners in South 
Darfur can expect to milk two-thirds of their cows over 6 months each year. 
The system of dividing milk for calf and human consumption varies according to the number of 
milk cows in the herd, as well as the livestock wealth and overall wealth of the herd owner. 
When a herd's milk output is not greater than can be handled by available labour, the usual 
practice is to allow the calf to take all the milk for the first 10 days of its life and thereafter to milk 
two of the cow's four teats until the calf is several months old. The calf will then be allowed to 
suckle only one teat until it is about 6 months old, after which almost all the milk will be taken for 
human use. Calves are tethered when the herd is in camp, and taken to pastures and water 
separately from the adult herd, to control their milk consumption. An exception will be made for 
a male calf intended to be raised as a stud bull, which will be permitted to take all its dam's milk. 
However, Baggara livestock owners who have more than enough milk cows to satisfy family 
requirements will often allow all male calves that have been selected for sale unlimited access 
to milk. This practice, termed matrucca, ensures the calf's quick growth and readiness for sale 
at a much younger age than its cohort members. 
Owners of larger herds tend to practice matrucca in addition to extracting milk from some of the 
dams for human use, while owners of small herds almost never practice matrucca. The same 
relationship between herd size, wealth of owners and milking practices has also been observed 
among the Maasai (White and Meadows, 1981) and the Somalis (Behnke and Kerven, 1984), 
and is reported for pastoralists in Mali and Niger (Wagenaar et al,1986). 
During the seasons when milk is relatively plentiful, Baggara women process part of the milk 
extracted from their cows into buttermilk (roob) and clarified butter or ghee (samin). Cheese is 
not produced domestically, although there are a few small-scale commercial cheese 
manufacturers in the rural areas of South Darfur who use milk from pastoral herds. In the 
neighbouring Kordofan region there is a thriving commercial cheese industry processing milk 
from pastoral herds. 
A woman will normally divide the milk from all the cows she is milking into a portion reserved for 
processing into buttermilk and ghee, a portion for her family to consume as fresh milk, and a 
portion for guests and men's communal meals. The ratio depends on the number of milk cows 
she has under her management in each season, the number of her children that must be fed, 
and her capacity to process and sell surplus milk. A typical division of milk from 10 milk cows is: 
milk from five cows made into buttermilk and ghee (most of which will be sold); milk from two 
cows given to children and used for tea-making; and milk from three cows used for guests and 
men's meals. 
As the dry season begins and milk yields decline, the proportion of total milk output made into 
buttermilk and ghee also decreases; measurements of the processed/raw milk ratio in 
November 1984 showed that just over a quarter of the milk output was set aside for processing 
in that season (Table 1). By the middle of the dry season, milk production in most herds has 
declined to the point where it is no longer worthwhile processing the milk. At this time of the 
year, all milk is directly consumed by the family; however, families with large herds may still 
have surplus milk available for processing and sale. By the end of the dry season, most cows 
will have virtually stopped giving milk. 
Table 1. Seasonal terms of trade between dairy products and grain, South Darfur, 1984–85. 
Season 
Buttermilk  
(£ Sud/litre)a 
Clarified butter 
 (£ Sud/litre)a 
Millet  
(£ Sud/kg)b 
Buttermilk: 
grain ratioc 
Early rains (June 1984) 0.90 2.50 1.40 4:1 
Main rains (July–Sept 1984) 0.30 2.70 1.60 4:1 
Harvest (Oct–Nov 1984) 0.40 2.70 1.30 1:1 
Dry season (Dec 1984–Feb 1985) 0.90 2.70 1.30 1:4 
a Rural and urban price. 
b Retail price. 
c Rural barter ratio by volume 
Source: Interviews with grain traders and pastoral women managing dairy cows. 
In a year with normal rainfall, a married woman will process and sell dairy products every day 
for about 4 to 6 months from the beginning of the rains. In 1984, when the rains were poor, most 
women managing fewer than six milk cows generally stopped daily milk processing and dairy 
sales after 5 months. However, some women with smaller families and larger herds continued to 
process and sell dairy products in the middle of January, 8 months after the rains began (Table 
1). During the 3 months of the main rainy season, six cows will yield approximately 21 litres of 
milk a day; half of this is set aside for churning in a gourd (bohksa) which every married woman 
possesses. The volume of a bohksa averages 12 litres. A woman can churn only one bohksa a 
day, and in the rainy season this is the usual quantity of milk a woman processes and sells 
daily. As milk yields begin to fall by the early dry season, women will churn milk only every 
second or third day, and perhaps sell the produce only once a week instead of daily as in the 
peak milk production season. 
The role of milk in the pastoral diet 
The diets of pastoral families in South Darfur vary by season, depending on the availability and 
relative exchange value of the staple items––grain, milk and meat (Figure 1). A family's food 
consumption patterns are finely tuned in order to obtain maximum caloric and economic 
advantage from its resources at each point in the annual cycle. These patterns are described 
here for the drought years of 1984 and 1985, in which the value of live animals had fallen 
drastically relative to the price of grain. The seasonal dietary patterns during this period were 
modified but not radically altered. The main resources consisted of the number of milk cows in 
the family herd, surplus animals available for sale, and home-produced grain. Additionally, wild 
foods may be gathered at certain seasons and form a significant source of food (see also 
Haaland,1980). 
Figure 1. Seasonal food sources of nomadic pastoralists and monthly rainfall at Nyala and 
Dimsu, 1984. 
 
Notes: aNyala is the northern point on most transhumance routes of South Darfur pastoralists.  
bDimsu is located in the mid-section of South Darfur. 
Ranked according to their caloric contribution, grain, milk and meat, in that order, are the most 
important staple foods in the diet of most pastoralists in South Darfur. It is estimated from the 
data collected in this study that 25% of caloric needs are met by milk, between 30 and 50% by 
food grains and the remainder by meat. The main cereal consumed is bulrush millet, followed by 
sorghum and rice. Raw milk, buttermilk, butter and clarified butter are all consumed regularly 
when available, while fresh meat from home-slaughtered animals is eaten only on special 
occasions (karama) such as funerals and religious festivals. Other important foods include dried 
tomatoes, onions, okra, chili peppers and dried, pounded meat, all of which are used to make 
relishes for the staple cereal. Sugar and tea are cherished commodities, essential for social life 
and often a major cash expense. 
Dairy products and meat are obtained from the family's herd, while food grains can be obtained 
by cultivation, by bartering or selling dairy produce and by selling livestock. Each method of 
obtaining grain has certain implicit costs: cultivation competes with livestock husbandry for 
family labour, conversion of milk into grain for the family affects calf growth, while selling 
livestock to purchase grain may be a process of disinvestment, particularly under drought 
conditions such as those prevailing at the time of the study. Pastoral families therefore balance 
their consumption of dairy and cereal products in the light of these costs and according to their 
productive assets. 
The composition of the human diet is decided by the women, who are responsible for adjusting 
the ratio of milk to grain consumed by the family in each season. The husband and master of 
the household has the prerogative of deciding when to sell or slaughter an animal for a karama. 
The seasonal patterns of the pastoralists’ diet in South Darfur can be described in general as 
follows. In the rainy season, when milk is plentiful, families with more than five milk cows try to 
live as much as possible on a pure milk diet. They may not eat millet or sorghum for a period of 
6 weeks up to 4 months. In 1984–85 most families lived on milk for about 3 months. Any cereal 
consumed during the rainy season is likely to be imported rice, which is much cheaper at this 
time of the year than the scarce local millet or sorghum. Rice and relish ingredients are bought 
by selling buttermilk and clarified butter, which are made by the women every day during the 
rainy season. 
Larger families having fewer than five milk cows pursue a different strategy for obtaining food in 
the rainy season, if their grain harvest from the previous year has run out. Unable to withdraw 
entirely from the grain market, since the milk from their herd will not meet all their food 
requirements, they convert part of the milk into higher-calorie grain, by selling or bartering 
buttermilk for millet or sorghum (Table 1). The barter ratio of buttermilk to grain in the rainy 
season is typically 4:1 by volume. One litre of buttermilk weighs 1.1 kg and is equivalent to 
approximately 400 cal. A volume measure of 1 litre of millet weighs 0.84 kg and is equivalent to 
approximately 2850 cal. Thus, at a barter ratio of 4:1 per volume unit of buttermilk to millet, the 
buttermilk equivalent of 1600 cal can be exchanged for 2850 cal (nutritional data from 
FAO,1968). 
Buttermilk is bartered for grain in the rainy season only by those pastoral families whose milk 
and grain production will not meet the family's caloric needs. For pastoral families with enough 
milk, the terms of trade between buttermilk and local grain in the rainy season are not attractive 
enough to engage in barter. Women from these families will sell surplus buttermilk and clarified 
butter to buy other foods, such as imported rice and relish ingredients, as well as non-food 
items. 
The harvest period (October–November) coincides with the onset of declining milk yields; for the 
pastoralists, the terms of trade between grain and dairy produce improve as new grain becomes 
available while dairy products become scarcer. Local millet and sorghum gradually replace milk 
as the staple in the pastoralists' diet. Pastoral families that have harvested their own crops 
begin consuming them, while those that still have surplus milk can exchange buttermilk for grain 
at vastly better barter ratios (typically 1:1 by volume) than those prevailing in the rainy season. If 
a family's crops have failed (as happened to many in the 1984 cropping season), and it has 
fewer than five milk cows, the family must begin to sell livestock at the beginning of the dry 
season to buy grain, since the milk supply will no longer suffice either in terms of barter or home 
consumption. 
The post-harvest shift in terms of trade between dairy products and grain encourages pastoral 
women to continue bartering buttermilk and clarified butter for as long as possible into the dry 
season (Table 1), even if they have harvested grain from their own fields. By the middle of the 
dry season, the barter ratio of buttermilk to grain becomes 1:4, the reverse of that in the rainy 
season. Settled farming women have a high demand for both buttermilk and butter during the 
dry season, since their own small dairy herds are dry. Butter is generally considered an 
essential food for very young children, and buttermilk is valued as food for older children. Many 
pastoral women try to reserve more milk for processing into buttermilk, as the barter rates at this 
time of the year are very much to their advantage. A litre of buttermilk containing solid butter can 
be exchanged for grain at fourteen times its caloric value in the dry season. 
As the dry season advances, goat milk often replaces cow's milk, especially in children's diets 
and in the tea drunk by men. Goats have two peak kidding periods, at the beginning of the rains 
and during the harvest season, so that their second period of milk production coincides with the 
period of declining output of cow's milk (Wilson and Clarke, 1976). Goat milk is not processed 
and sold, and its use is limited to families with no source of cow's milk in the dry season. Sheep 
are not milked generally. 
To summarise the main points, milk has both a direct consumption value, providing perhaps a 
quarter of the pastoral family's caloric requirements, and an exchange value. The latter allows 
pastoralists to grow less grain and concentrate on optimal herd management, as well as partly 
replacing grain purchases at high retail prices, which must be funded through sales of live 
animals. It is this latter contribution of dairying to the pastoral economy which is considered in 
the following section. 
The role of milk in the pastoral economy 
In the debate on whether dairy or meat production is in pastoralists' best economic interests, 
proponents on both sides tend to equate milking with pastoralists' subsistence goals as 
opposed to the commercial objective of producing animals for slaughter. The dairying subsector 
is thus relegated to the category of ‘subsistence systems of production’, which, some argue, 
should be replaced by a truly ‘commercial’ livestock economy devoted to meat production. This 
categorisation is not only inaccurate but also unfortunate, since in the process little attention is 
paid to the flourishing trade in dairy products engaged in by many pastoral groups and thus to 
the important contribution of the dairy exchange economy to pastoral incomes. 
Although its existence is often recognised, if the contribution of dairy marketing is considered at 
all in the analysis of pastoral economies, it is accorded a minor and peripheral status––of the 
order of ‘women’s pocket money’––comparable to that of poultry-keeping and handicraft sales. 
However, it is argued here that, at least in the case of South Darfur, and therefore possibly in 
other similar pastoral economies, dairy exchanges and sales are a major pastoral objective and 
activity, yield significant income in cash and in kind, and are essential to the continued 
maintenance of a nomadic pastoral production system under unstable climatic and market 
conditions. 
The role of dairying in the pastoral economy of South Darfur can be examined in terms of the 
following: 
 The variations and limitations in pastoralists' crop–livestock production strategies; 
 The volatile annual terms of trade between live animals and grain, which result in 
unpredictable prices; 
 Livestock disinvestment caused by periodic droughts; 
 The seasonal shifts in terms of trade between dairy produce and grain, which create a 
more predictable exchange economy; and 
 The relative contribution of dairying to total income. 
Crop–livestock production strategies and limitations 
The livestock-keeping families of South Darfur range from pastoralists, to agropastoralists, to 
settled farmers, and the degree to which individual families depend on milk from their herds 
varies accordingly. Whether they be pure pastoralists who grow no crops or farmers with a few 
milk cows, South Darfur families are limited by certain production thresholds which set the level 
of their reliance on milk and grain in any season or year. Ultimately, it is the size of a family's 
herd and the extent to which a family grows crops relative to its size and labour availability that 
determine the importance of milk in the household economy. 
The interviewed pastoralists estimated that for a family to be entirely dependent on milk and 
sales of cull animals to buy grain, it would need a minimum of 10 to 15 milk cows in a total herd 
of around 50 head. This estimate is consistent with the data on herd compositions in South 
Darfur (Wilson and Clarke, 1976) which show that breeding females comprise 40% of nomadic 
herds, of which about 65% will calve and therefore yield milk in any year. A family with 10 to 15 
cows in milk per year has no need to grow crops and its members are typically arab 
siyaara (pure nomads). However, informants stress that up to 100 head of cattle may be 
necessary to maintain this production threshold, due to enforced sales of livestock in drought 
years in order to purchase grain at inflated prices. 
Among the nomadic pastoralists interviewed, the mean number of milk cows managed by a 
woman in the rainy season is 6.5 in the range of 4 to 10 milk cows. This figure drops to an 
average of 3 milk cows in the late harvest and early dry seasons, as pregnant cows cease 
giving milk. There is an upper limit to the number of milk cows a woman can exploit efficiently: 
both men and women state that 10 is the maximum number of cows that a woman can manage. 
This stated limit is supported by field observations on the time taken to milk, process milk and 
sell dairy products. The extent to which a family can depend on milk from its herd is therefore 
limited by labour availability. 
At the same time, the degree of dependence on milk is moderated by the extent to which a 
family is self-sufficient in food grains. According to pastoralists, grain self-sufficiency is erratic in 
the long term, and a glance at the variation of rainfall rates given in Figure 1 lends support to 
their statements. Data on pastoralists' grain production in 1983 show that in that year the 
average pastoral family would have harvested less than 600 kg of grain (WSDC, 1983). 
According to the pastoralists interviewed in 1984–85, an average family consumes an estimated 
950 kg of grain annually. In 1983, therefore, pastoralists would not have been able to meet their 
food grain needs from their own production, and would have had to make up the shortfall of 
about 400 kg by purchase or barter. However, in 1981 and 1982 it is more likely that the 
average pastoral family would have met its annual grain needs from its own crops (WSDC, 
1984; WSDC, unpublished data). It should be stressed that the stated annual food grain need of 
a family is not based on daily grain consumption over the whole year, since during the rainy 
season milk largely replaces grain in the pastoral diet. If a family of eight were to depend year-
round on grain for subsistence, it would need approximately 1500 kg of grain (FAO,1968; 
WSDC,1983). 
The maintenance of production thresholds and a family's decision to alter its production 
emphasis from livestock to grain or vice versa therefore depend on several variables. Families 
with large herds can comfortably subsist on dairy produce throughout the rainy season even in a 
drought year. But if they do not cultivate much, under drought conditions they will be forced to 
disinvest larger portions of their herds than in normal years, as they must purchase grain at 
greatly inflated prices. Only families with very large herds can withstand high levels of 
disinvestment for more than a couple of consecutive years. There are, therefore, strong 
incentives even for owners of large herds to grow some of their own grain in addition to 
depending on milk consumption and sales of dairy produce and live animals. 
There is, however, a price to pay by the pastoral family seeking to diversify from a purely dairy 
and animal sales production strategy to crop production. Successful rearing of healthy, 
productive animals within the ecology of South Darfur depends on mobility: mobile herds have 
higher calving rates, lower calf mortality rates and higher meat production than their sedentary 
counterparts kept by Darfur farmers (Wilson and Clarke, 1976). Flexibility in moving livestock 
around the landscape is to some extent incompatible with intensive crop production, which 
demands a higher and more constant labour input than many nomads can provide. So for the 
owners of larger herds increasing crop production to make up dry-season food deficits (when 
milk is scarce), and to avoid selling too many animals, must be balanced against the loss of 
herd performance resulting from less flexibility in herd movement. 
Given the limitations inherent in each production strategy, the variations in crop–livestock mixes 
are many and complex. All, however, revolve around two aims: to maintain the health and 
productivity of the herd while lessening dependence on purchased grain in the dry season. 
Shifting annual terms of trade 
Milk for family consumption and sale plays a critical role in the household economy by providing 
a buffer against the shifting annual terms of trade between the two other commodities 
exchanged in South Darfur, namely grain and live animals. Pastoralists' emphasis on dairying 
rather than production of live animals for sale can therefore be understood in terms of their need 
to balance dietary and income sources when confronted with unpredictable climatic and 
economic conditions. 
The supply and demand of cattle and grain are in constant flux from year to year and from one 
season to the next. This is due mainly to variations in rainfall but also to other factors such as 
government pricing policies, hoarding, provision of food aid etc. Grain is a dietary staple for all 
Darfuris––farmers and pastoralists––and therefore is in constant demand. The supply and price 
of slaughter cattle are largely dependent on current grain supplies and prices, which in turn are 
affected by climatic conditions. As grain supplies dwindle and grain prices rise, the exchange 
value of cattle sold declines relative to the price of grain. This pattern is illustrated in Figure 2 
which shows the shifting cattle-to-grain terms of trade in response to variations in annual rainfall 
over the 1969–84 period. Years with good annual rainfall are followed by lower grain prices and 
more advantageous terms for pastoralists selling cattle to buy grain. The effect is lagged or 
shadowed, as Figure 2 shows. In years with little rainfall, pastoralists can buy less grain for the 
animals they sell, and so are forced to sell more animals, often at a lower price. 
Figure 2. Annual rainfall and terms of tradea between millet and cattle, South Darfur, 1969–84. 
 
a Number of millet sacks that could be bought with the proceeds from the sale of 1 bule; 1 sack 
contains 45 kg of millet. 
Sources: Rainfall data from WSDC (1984). Livestock and millet prices based on unpublished 
data collected by WSDC. 
Given the unpredictability of annual terms of trade between grain and livestock, milk from 
pastoral herds serves two purposes: firstly, it allows families to reduce their dependence on 
grain and secondly, it provides a source of income, additional to that from livestock sales, to 
purchase grain when needed. Except in disastrous drought years, milk offtake allows 
pastoralists to plan their livestock sales in accordance with sound herd management and 
commercial practice, i.e. to sell cull females and mature males when the price is favourable. 
Evidence available from studies of nomadic herds (Wilson and Clarke, 1975; 1976; HTS, 1976) 
indicates that this is exactly what pastoralists in South Darfur do, when conditions permit. 
Drought and herd disinvestment 
In years with ‘normal’ rainfall, most owners of small and medium-sized herds expect to rely 
during the dry season on sales of smallstock, as well as cull females and mature male cattle, to 
make up food and income deficits caused by the decline in milk production. However, evidence 
from other studies in the area suggests that during the 3 drought years prior to this study, 
livestock sales from average herds could provide cash income only at the cost of depleting the 
breeding stock (WSDC, unpublished data). An analysis of a survey of nomadic herds carried out 
by WSDC in 1983 indicated that, given the mortality and calving rates found, no natural 
replacement of mature breeding females was occurring. At the same time as herd size was 
declining at a rate of 19% per annum, sales were still taking place. This occurred presumably in 
order to enable pastoral families to meet their recurrent food grain requirements. Families with 
no other option but to continue selling under these conditions would soon have no breeding 
stock left. By 1984–85 it was clear that this pattern was continuing, although no data on herd 
productivity and offtake rates in the area are available after 1983. 
The increasing pressure to sell livestock is well illustrated in Figure 3 which documents the 
effects of South Darfur's last and worst year of the recent drought. A mature bull sold in Nyala at 
the beginning of 1984 (when many if not most pastoral families still had grain from the 1983 
harvest) would have realised the equivalent of 545 kg of millet. By December 1984 (when most 
harvests had failed due to lack of rainfall in that year) the cattle markets were flooded, the price 
of grain was 2.5 times higher than that at the beginning of the year, and a bull sold then would 
have realised the equivalent of only 90 kg of millet. Families that could not have relied on milk 
for several months in the rainy season, and that could not obtain some grain by exchanging 
dairy products, would be bereft of their herds by the end of the 1985 dry season, given the 
prevailing terms of trade between grain and livestock. 
Figure 3. Terms of tradea between millet and cattle, Nyala, South Darfur, 1984. 
 
a Expressed as kg of millet obtainable with the proceeds from the sale of one 4-year-old bull. 
Source: WSDC Project Monitoring and Evaluation Unit (unpublished data, courtesy of J. 
Morton). Data for May and June not available. 
Shifting seasonal terms of trade 
The terms of trade not only alter unpredictably from year to year, but also reverse, more 
predictably, from season to season. As can be seen in Table 1, the barter rate between 
buttermilk and grain reverses from the wet to the dry season, while the retail price of grain drops 
only marginally following the harvest. 
The pastoralists adjust their diet and exchange patterns accordingly, drinking as much milk as 
possible in the wet season when grain is least available and most expensive. They exchange as 
much dairy produce for grain as possible after the harvest, when grain supplies increase, milk 
supplies decrease and barter rates improve. It is only in the dry season that they depend on 
selling livestock in order to buy grain. As one pastoralist described this strategy, 
"In khariif (rains) there is plenty of milk, so a good wife can use this milk in many ways to get 
money for the family. But in saif (dry season), a man must look for a way to get money and has 
to sell animals." 
Another function of milk production and dairy sales is therefore to allow pastoralists to 
disengage partially from the exchange economy when the terms of trade are against them, and 
to re-enter when the exchange values of dairy produce, grain and slaughter livestock have 
shifted in the pastoralists' favour. 
The contribution of dairy trading to pastoral incomes 
The role of dairying has been considered in terms of its substantive contribution to pastoral 
household economies. Its contribution can also be measured in terms of direct income benefits, 
as shown in Table 2 which gives the estimated seasonal cash income obtained per woman in 
charge of a family's milk cows. This income is therefore per family unit or beyt (tent), not per 
herd, since a man's herd of milk cows can be divided between several wives and other female 
kin. 
Table 2. Estimated seasonal cash income from a woman's dairy sales, South Darfur, 1984–85. 
Year Month  
No. milk 
cows/family 
Milk yield Quantity sold Value Total dairy 
income 
 (£ Sud)  
cow/day total/day buttermilk ghee buttermilk ghee 
(litres) (litres) (£Sud) 
1984 
June 6.3 2.8 17.6 6 0.53 5.4 1.3 201.00 
July–Aug 6.3 3.5 22.0 8 0.45 2.4 1.2 216.00 
Sept–Oct 6.3 2.8 17.6 4.4 0.25 1.75 0.68 146.00 
Nov–Dec 4.0 1.4 5.6 1.6 0.09 0.64 0.24 53.00 
1985 
Jan–Feb 3.0 0.6 1.8 0.45 0 0.41 n.a 25.00 
March–May   negligible – – – – – 
Annual cash 
income/family 
              £ Sud 
641.00 
Notes: Data were obtained from interviews with pastoral women managing dairy cows. Milk 
yields from June to August are based on producers' and traders' estimates. Milk yields from 
October to January were measured. 
Several points should be stressed in relation to income from dairy trading: firstly, even in 
drought years dairy income can be obtained without depleting the breeding stock. Secondly, 
milk offtake, whether for home consumption or for barter and sale, occurs at the cost of optimal 
calf growth. Since pastoral herd managers know this, their decision to consume milk or convert 
milk into grain, thus lowering the market value of their calves, presumably reflects their 
estimation of the relative returns to calf growth versus milk offtake. Thirdly, given the mean retail 
prices for millet in 1984, the average, seasonal dairy incomes shown in Table 2 could have 
purchased 530 kg of millet, which is more than the probable grain deficit (400 kg) per family 
resulting from the previous year's poor harvest. In fact, not all dairy cash income is used to 
make up grain deficits, since non-grain foods and other commodities, such as salt, tea, sugar, 
vegetables, clothing and household items, are required. In the dry season, grain deficits are 
partly covered by sales of live animals. 
No data were collected in this study on pastoralists' income from livestock sales. However, other 
sources on pastoral sales rates in the same study area indicate that at 1984–85 prices, a 
pastoral family could have obtained an estimated £ Sud 800 by selling cattle and, for the 30% of 
families also owning sheep, a further £ Sud 200 from selling sheep (WSDC 1983; 1984; and 
unpublished data on Nyala sheep and cattle prices). These figures suggest that dairy income 
could be providing between 40 and 44% of a family's annual income, and that it constitutes a 
significant part of family budgets. 
Pastoralists’ production goals 
Except for the owners of very large herds, the Baggara and Fellata pastoralists raise cattle 
primarily for milk production, and only secondarily for sale. This was recognised in definitive 
study of cattle production in western Sudan, whose authors (Wilson and Clarke, 1975) noted 
that, "Western Baggara cattle are used principally for milk production: males are used as pack 
animals and also as riding animals ... Beef production is a tertiary activity" (Part 1, p. 171). 
Unfortunately, the economic and biological indices of milk production in the nomadic Baggara 
herds were not investigated in the study, which, however, provided detailed analysis of other 
herd performance indices, in particular of beef offtake. This bias is representative of most 
development-oriented research among pastoralists in Africa, as is discussed by Kerven (1986). 
Although dairy production is the principal concern of most pastoralists in South Darfur, they are 
well aware of the biological and economic trade-offs between dairy and beef production. This 
concern is reflected in their herd management decisions regarding how animals are to be raised 
and which are to be sold. The pastoralists studied are aware of the slower calf growth resulting 
from the deflection of milk to human consumption, and can cite precise size-for-age gradations 
between those calves intentionally allowed free access to milk (under the matrucca system 
described earlier) and those whose milk intake is controlled to provide milk for human 
consumption. The same pastoralists are also aware of the monetary benefits resulting from 
selling cattle––certain cattle at the right time. Herd compositions show that less than 4% of 
nomadic herds in South Darfur consisted of mature males, and as Wilson and Clarke (1975) 
commented, "There is no vast untapped source of male animals awaiting a market outlet" (Part 
1, p. 173). 
The reason why pastoralists in South Darfur do not raise more and bigger animals for marketing 
lies not in some perverse rejection of market opportunities but is instead due to their 
assessment of the particular biological and economic efficiencies of dairying, complemented 
with a strategy of selling surplus animals as and when necessary. A recent study which 
measured milk offtake for human consumption and calf growth in Fulani herds in Mali found 
that, despite high milk offtake, calves did not lose weight (Wagenaar et al, 1986). As the authors 
of this study point out, it is thus likely that pastoralists who are highly dependent on milk for 
subsistence are able to divide milk output between the household and the calves in such a way 
so as to reduce retardation in calf growth. 
The value of dairying to the pastoral economy 
Conclusions about the relative value of dairying versus beef production cannot be reached 
without a longer-term, more comprehensive study of the economic costs and returns to each. 
However, the data available from this case study, which was limited both in time and scope, 
suggest some reasons why most pastoralists in South Darfur might choose to depend heavily 
on milk production rather than emphasising beef production. 
Firstly, there are strong economic incentives for owners of small and middle-sized herds to rely 
on milk from their herds for as long and as much as possible. Both in terms of direct milk 
consumption and in terms of dairy sales, milk is a replenishable item which can be continuously 
harvested without diminishing the means of production––the breeding stock itself. The force of 
this incentive is even more evident under drought conditions: under the unfavourable terms of 
trade imposed by drought during the study period, less well-off herd owners were obliged to sell 
off part of their breeding stockin addition to the cull females and mature males normally sold to 
cover cash needs. 
Secondly, dairy production and sales provide pastoralists with a means of adjusting their diets 
and income sources to the vicissitudes imposed by the climate and local economy. Milk 
therefore has a dynamic role in relation to the changing exchange values of grain versus 
slaughter cattle. This dynamic function may be disguised in a quantitative assessment of the 
value of milk at any one point in time. Pastoral economies are neither internally stable nor 
exempt from external forces. Not only are herds themselves subject to change over time, but 
the value which can be derived from the herd is affected by market and climatic changes. It is 
thus the relative exchange value of pastoral products in relation to other commodities routinely 
required by pastoral families which is the key to understanding the contribution of dairying 
versus animal sales. 
Lastly, by selling dairy produce, pastoral women are able to forestall dry-season livestock sales, 
thus conserving the core of the herd which will supply the family with milk in the future and 
through reproduction allow the family to sell surplus stock when grain supplies have run out. 
The contribution to household food supplies generated through dairy sales is essential to a 
pastoral production system, since high herd productivity cannot be achieved by families which 
rely greatly on cropping or selling breeding stock to make up grain deficits. Women's dairy 
income, either in kind (bartered grain) or in cash which allows them to buy grain, therefore 
permits pastoral families to produce less grain than they consume, and to sell fewer animals 
than would otherwise be necessary. Dairy income thus underpins the maintenance of a pastoral 
production system, since it bridges the ‘grain gap’ that pastoralists can only otherwise overcome 
by compromising the efficiency of their livestock operation and possibly jeopardising their whole 
pastoral enterprise. 
Development of the pastoral dairy subsector 
The case study reported in this paper has indicated that pastoralists in South Darfur rely on milk 
not only for subsistence but also as a marketable commodity which, when processed, provides 
an important source of income. By consuming and processing a portion of the plentiful milk 
available in the rainy season, it may be that pastoral families can extract greater value from the 
milk than if it was entirely devoted to calf growth. The conversion of milk into butter oil is a way 
of preserving an otherwise perishable item as well as adding value through the labour involved 
in processing. However, pastoral women are limited in their ability to extract more value from 
milk, for two reasons: firstly, further preservation in the form of butter oil is restricted by the 
availability of female labour in a family, and secondly, indigenous milk processing techniques do 
not include cheese-making, which would allow a greater volume of whole milk to be processed 
and preserved. The present processing system results in a seasonal glut of buttermilk, with an 
accordingly depressed exchange value in the rainy season. Women therefore either have to 
trade buttermilk at very low prices or, in the case of those managing larger dairy herds, simply 
throw away surplus buttermilk rather than expend the time and labour to market a low-value 
commodity. 
The existence of seasonally surplus milk at low prices has prompted several entrepreneurial 
merchants to set up small-scale rural cheese-making plants which offer women higher prices for 
whole milk than they could otherwise obtain for buttermilk. The potential for expanding the 
number of such dairying plants is present in the form of an ample supply of milk in the rainy 
season and a demand for cheese among local urban residents. Impediments to the 
development of cheese-making in this area are undoubtedly the lack of good transport facilities, 
lack of capital and absence of critical inputs such as rennet. No attempt has been made to 
promote producers' dairy cooperatives, or to assist private entrepreneurs in developing cheese 
production. 
Developing the dairy subsector in the pastoral economy of South Darfur as well as in other 
areas with similar production systems could have several important effects: the more efficient 
use of an existing surplus; generation of increased income for pastoral families; substitution of 
locally manufactured products and lastly, supplying an existing national demand for dairy 
products. The potential for small-scale dairying among pastoralists deserves further research 
and policy initiatives. 
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Low-cost modifications of the traditional Ethiopian tine 
plough for land shaping and surface drainage of heavy clay 
soils: Preliminary results from on-farm verification trials* 
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Livestock Systems Networkshop held in Freetown, Sierra Leone, 19 to 25 September 1986. 
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Summary 
THE TRADITIONAL ox-drawn Ethiopian plough (maresha) has been modified by ILCA for use in 
the construction of terraces for soil conservation and for making raised broadbeds and furrows 
to facilitate surface drainage on heavy clay soils. The two resulting implements are described in 
this paper. The preliminary results from their on-station and on-farm testing are also reported. 
The terracing plough has slightly lower power requirements than the maresha, while the 
broadbed maker requires about 50% more power than the traditional plough. The modified 
implements can be drawn by a pair of light (250 kg) zebu oxen. The costs of the modifications 
are approximately US$ 5 for the terracing plough and US$ 25 for the broadbed maker. Both 
implements can be made and maintained by village craftsmen. 
Three cultivation passes with the terracing plough are needed to establish 4-m-wide, level 
terraces on land with 8% slope. Raised broadbeds (20 cm high and 120 cm apart) and furrows 
can be made at a rate of 0.4 to 1.2 ha/ox-pair working 7 hours a day, depending on the required 
uniformity of the beds and the moisture status of the soil. The broadbed and furrow (BBF) 
technology facilitates weed control and enhances surface drainage on heavy clay soils, which in 
turn results in better crop growth. The yields of traditional lines of bread wheat and teff grown on 
drained farmers' fields were about 80% and 25% higher respectively than those obtained on 
traditionally cultivated, fiat land. Results from on-farm trials indicated that making BBFs with the 
ox-drawn broad-bed maker requires considerably less human labour (16 hours/ha) than the 
traditional method of making BBFs by hand (60 hourslha). 
Introduction 
In the Ethiopian highlands, cultivated almost exclusively using animal power. The traditional 
wooden plough (maresha; Figure 1) has a pointed metal tine fitted to a handle and held by a 
metal hook suspended from the beam of the plough on an adjustable leather strap. The hook 
supports two flat, wooden wings, one on each side of the implement, and both wings are 
attached to the beam with a steel pin. The maresha disturbs the soil, lifts it and turns it equally 
on each side of the plough, leaving a narrow furrow and two small ridges behind. 
Most highland farmers own a maresha, but only about one-third of them own two oxen 
(Ethiopian Ministry of Agriculture, unpublished data). The majority enter into one or more of the 
traditional renting and exchange agreements for draught oxen in order to be able to cultivate 
their land. To help relieve this draught-power constraint, ILCA developed a yoke and harness 
and a modified version of the traditional plough that can be drawn by a single ox. The 
modified maresha has been described by Gryseels et al (1984) and its on-farm performance 
reported by Gryseels and Jutzi (1986). 
This paper reports on two further modifications to the maresha, which allow controlled soil 
movement. The first, the terracing plough, shifts soil to one side only when ploughing. The 
second, the broadbed maker, shapes the topsoil into broadbeds and furrows, thereby improving 
the drainage of surface water on heavy clay soils. Both implements have been developed by 
ILCA's Highlands Programme which is based at Addis Ababa, Ethiopia. 
A detailed description of both the terracing plough and the broadbed maker is given below. 
Their potential use and impact on soil and water conservation, crop yields and farm-level labour 
economy are discussed on the basis of on-station and on-farm verification trials carried out in 
1985 and 1986. 
The terracing plough 
Design and operation 
The terracing plough (Figure 2) is made by replacing the two flat wings of the maresha with one 
wooden, mouldboard-shaped wing which can be shifted from one side of the beam to the other 
without detaching it from the implement (reversible wing). The light tip of the wing is reinforced 
with a flat steel sheet and there are two metal rings passing through it, which attach the wing 
loosely to the handle of the plough. The rings are made of iron rods. The mouldboard wing is 
fixed to the beam with the same metal pin used in the traditional maresha. 
Figure 1. Traditional plough (maresha).
 
The wing can be moved from one side of the beam to the other by pulling out the metal pin, 
swinging the wing underneath the beam to the other side and fixing it again with the pin. Thus 
the plough does not need any further modification to function as a reversible plough. The 
reversible wing can be fitted to the traditional plough in about 3 minutes. 
The materials used to modify the maresha into a terracing plough include a 40 x 5 cm metal 
sheet of about 4 mm thickness, two 7-cm bolts, an 80-cm-long iron rod (10 mm in diameter) with 
two welding points, and about 3 kg of hardwood, preferably of acacia, for the mouldboard wing. 
The total cost of the materials is about US$ 5. 
Figure 2. Terracing plough.
 
The terracing plough is operated in the same way as the traditional plough, with only one 
exception: the wing must be reversed at the end of each pass in order to shift the soil to one 
side only. The reversal of the wing takes about 20 seconds. 
Performance 
The animal power needed to pull the implement was determined using the method described by 
Abiye Astatke et al (1986). The force developed by each pair of oxen was measured with a 
portable battery-powered dynamometer1 consisting of a load cell inserted between the yoke and 
drawbar of the plough and a digital indicator connected to the load cell by a cable. The minimum 
and maximum force (kN) over 20 m and the time taken to travel the distance were recorded for 
a series of passes. The working heights of both the yoke and the implement hitch and the length 
of the draught chain were measured, and the force parallel to the ground was calculated. Power 
consumption was established by multiplying the actual force developed (kN) by speed (m/sec). 
1 Supplied by Novatech Measurements Ltd, UK. 
Average power consumption for the third pass with the traditional maresha is 660 ± 112 W 
(Abiye Astatke and Matthews, 1982). The power needed to make the third pass with the 
terracing plough is 534 ± 110 W (Jutzi, unpublished data), which is about 80% of the power 
requirement of the traditional plough. The terracing plough has a lower power requirement than 
the traditional plough because it penetrates less deeply when shifting loose soil to one side. 
An average of 3.3 passes were sufficient to establish 4-m-wide, level terraces on a clay-loam 
field with 8% slope. The borders of the terraces (about 30 cm high) were stabilised with rows 
of Sesbania sesban. In a 7-hour work-day, one ox-pair prepared 1911 ± 298 m2 of finished 
terraces on this slope. Monitoring work on 22 terraces (420 m long), it was found that one ox-
pair can cover about 1 ha in 5 days, which is comparable to the time spent in cultivating the 
same amount of land with the traditional plough. The terraces reduce soil loss and conserve 
water by slowing and reducing runoff. More stable crop yields can be expected immediately due 
to increased water availability, and in the longer term also due to soil and fertility conservation, 
especially when leguminous browse species are used to stabilise terrace borders. 
The broadbed maker 
Design and operation 
Plant growth on deep black clay soils (Vertisols, black cotton soils) is reduced by waterlogging 
(Kanwar et al, 1982; Ryan and von Oppen, 1983; Haque and Jutzi, 1984), which is especially 
serious in areas with high annual rainfall. To overcome this constraint, the International Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT) carried out experiments with different 
systems of surface soil drainage and developed an effective but expensive animal-drawn 
toolbar with various attachments (ICRISAT, 1985; 1986). Low-cost devices are, however, 
essential for the successful adoption of improved land management practices in the subsistence 
farming systems of sub-Saharan Africa, where Vertisols account for 97 million ha of land. ILCA 
therefore developed a broadbed maker based on the traditional maresha, using cheap and 
widely available materials for the modifications. 
The broadbed maker is made from two local ploughs whose main beams are shortened to about 
90 cm and fitted in a simple wooden frame (Figure 3). The flat wings of the traditional ploughs 
are replaced by four mouldboard-shaped wooden wings, comprising two large centre wings 
throwing earth inwards to create the broadbed and two smaller wings pushing earth to the 
outside. To facilitate operation, the two handles are joined with a wooden beam. 
Figure 3. Broadbed maker.
 
The total weight of the broadbed maker is about 30 kg, depending on the type of wood used for 
the connecting beams and the wings. In contrast, the traditional maresha weighs approximately 
20 kg. The cost of the modifications on the broadbed maker is about US$ 25 for 8 bolts, an 8-m 
long wooden pole and 8 kg of hardwood for the four wings. 
Performance 
Power requirements for the broadbed maker are higher than those for the maresha (O'Neill and 
Howell, 1986). The power needed for both implements was determined in a comparative study 
by measuring the force in the draught chain (using a standard Novatech load cell), the angle of 
pull (using a Ferranti potentiometric clinometer) and the forward speed (using a Dickey-John 
radar velocity sensor). In a well-worked field, the average power consumption of 
the maresha was 398 ± 61 W (17 observations), while the broadbed maker consumed 634 ± 81 
W (13 observations). The power requirement of the broadbed maker was considerably less than 
the power (about 800 W) that can be developed by a pair of light (250 kg LW) local zebu oxen 
hitched to the implement by a rigid neck yoke. 
A pair of oxen drawing the broadbed maker can prepare between 0.4 and 1.2 ha of BBFs per 
day, depending on the number of passes made and the moisture and tilth status of the topsoil. 
Normally two passes are required in order to provide a uniform shape to both the broadbed and 
the furrow. A chain attached to the two centre wings acts as a simple harrow and provides 
uniformity in surface tilth. 
Effects of the BBF technology on crop yields and labour input 
The better drainage due to the BBF technology increases crop growth. This was demonstrated 
in a series of on-farm verification trials conducted with bread wheat (8 participating farmers) and 
teff (15 participating farmers) at Debre Zeit, central Ethiopian highlands, in 1985. In these trials, 
the grain and straw yields of bread wheat grown on raised broadbeds were 78% and 56% 
higher respectively than those obtained on traditionally cultivated plots. Teff (Eragrostis 
teff) which is an important Vertisol crop relatively tolerant of waterlogging, produced 25% and 
23% higher yields of grain and straw respectively when planted on drained plots. The potential 
impact of this low-input technology on food production in Ethiopia, which has 8 million ha of 
Vertisols in the high-rainfall highland areas, is considerable. 
The broadbed maker is currently being tested in extended on farm verification trials on the 
Inewari plateau in northern Shewa and in other Vertisol areas in Ethiopia. At Inewari, broadbeds 
and furrows are traditionally made by hand, with a labour input of about 60 hours/ha. When the 
broadbed maker was used (operated by a single operator), the human labour input for making 
BBFs was reduced to 16 hours/ ha. Under the traditional system, total labour inputs for land 
preparation, seeding and surface drainage are about 120 hours/ ha, compared with 75 hours/ha 
for the broadbed maker. This represents a 40% increase in labour productivity, assuming that 
crop yields are the same for both systems. Early indications in mid-1986 were that plots 
cultivated with the broadbed maker would outyield the traditionally cultivated plots, because of 
the greater uniformity of the BBFs. 
Further developments 
The broadbed maker can also be used as a toolbar. Two prototypes of attachments to the 
broadbed maker are currently under testing: 
A blade harrow consisting of a metal blade mounted between the tines and supported with an 
extended bolt at the center-rear of the frame. This implement cuts the soil uniformly some 5 to 
10 cm below the surface, thus disturbing and killing most weeds. In addition to reducing 
substantially the power and time inputs needed for Vertisol cultivation, the blade harrow will 
enable permanent BBFs to be created, with only surface cultivation needed each year to control 
weed regrowth. The cost of the blade attachment is about US$ 7. 
The second attachment is a row planter mounted on the rear section of the broadbed maker. It 
has a rotary seed agitator driven by a star-wheel which runs on one side of the broadbed maker 
on the adjacent broadbed. The prototype has two hoppers, one for seed (compartmented for 
simultaneous planting of intercrops) and one for fertilizer. The planter can plant 1 to 6 rows on a 
broadbed with 70 cm top width. Metering discs under the rotary agitator allow planting of 
conventional crop seed at desired rates. A chain attached to the two inside wings of the 
broadbed maker covers the seed in the planting rows. The rows are opened by vertically 
mounted, metal row-makers fixed in front of the rear section of the broadbed maker. The cost of 
the planter is expected to be about US$ 40. 
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Summary 
IN THE SUBHUMID ZONE of Nigeria, crop residues of cereals such as sorghum provide 
substantial amounts of fodder for cattle in the dry season. For cereal production, ridging is the 
traditional method of land cultivation in the zone. The study reported in this article was carried 
out in order to clarify the benefits associated with ridging and to determine whether these can be 
provided by other, less labour-intensive cultivation techniques. 
Increasing ridge height from 0 to 45 cm increased grain and crop residue yields. Root density, 
plant height and leaf area index (LAI) of sorghum also increased with increasing ridge height, 
and there was a positive correlation between root density and grain and crop residue yields. No 
significant differences in yields were found for ridge heights of over 30 cm. It is concluded that 
the main function of ridging on periodically waterlogged soils is to raise the root system above 
the fluctuating water table. This promotes root development and enhances the ability of roots to 
extract nutrients and moisture from the soil, thereby increasing yields. 
Introduction 
Farmers in the subhumid zone of Nigeria traditionally grow crops on ridges. The importance of 
this cultural practice for cropping has been demonstrated especially on soils that are periodically 
subjected to a perched water table (Mohamed-Saleem et al, 1985). The benefits associated with 
ridging include prevention of waterlogging, increased water infiltration and concentration of 
nutrients in and around the rooting zone (Kowal and Stockinger, 1973). Its main disadvantage is 
that it is labour intensive. In a study carried out in ILCA's case study area in Abet, ridging was 
found to account for 31% of the total time spent on cropping maize on natural fallows (Tarawali 
et al, 1986). Farmers maximise returns for the labour spent on ridging by intercropping. Lack of 
labour at ridging time can limit the area cultivated by a farmer (Powell, 1986). 
The main objective of the work reported in this article was to determine the effect of ridge height 
on crop production and to ascertain the benefits associated with ridging. 
Methods 
The study was conducted in Abet (9° 40' N, 8°10' E, mean annual rainfall 1300 mm) during the 
1985 wet season. Sorghum (variety SK5912) was used as the test crop, since it is one of the 
major crops in the zone and provides a substantial amount of fodder for cattle during the dry 
season. The treatments consisted of six land preparation methods, each replicated four times in 
a randomised complete block design. 
1. Flat, undisturbed seedbed 
2. Flat seedbed, surface disturbed with hand hoe 
3. 15–cm ridge height 
4. 30-cm ridge height (open ridges1) 
5. 30–cm ridge height (tied ridges2) 
6. 45–cm ridge height 
1 Open ridges are ridges opened at both ends. 
2 Tied ridges are adjacent ridges joined at the ends and in the middle by subsidiary ridges, 
thereby forming furrows. 
The plot size was 10 m x 5 m, and each row was 10 m long. Sorghum was planted at a spacing 
of 0.30 m within and 1 m between rows. Compound fertilizer was applied to each plot at a rate 
of 60 kg N, 60 kg P and 60 kg K/ha at the time of planting, and an additional 60 kg N/ha was 
applied in the form of urea 6 weeks later. The plots were weeded twice by locally hired 
labourers using traditional hoes. In December, the panicles from each ridge were harvested 
separately and threshed to determine grain yield at 15% moisture. The crop residues were cut 
and dried at 60°C for 48 hours to estimate dry-matter yield. 
The heights of eight randomly selected plants/treatment were measured in October. The length 
(1) and breadth (b) of the leaves of these plants were also measured to determine leaf area and 
leaf area index (leaf area per unit area of land). Leaf area =1 × b × 0.75 (correction factor). 
Studies to determine root density, were carried out during the course of the experiment. Five 
soil-root core samples per treatment were taken using a bucket auger (7 cm diameter, 15 cm 
height). All samples were taken along the rows, at distances of 5 and 15 cm away from 
randomly selected plants. The roots were washed in slowly running water and dried at 60° to 
determine dry weights. The data collected were analysed using ANOVA and linear regression. 
Results 
Table 1 shows that grain and crop residue yields of sorghum increased with increasing ridge 
height. There were significant differences between yields on the flat land and on the 30- and 45-
cm ridges but not between those on the 30-and 45-cm ridges No significant differences were 
found between yields on the two flat seedbeds or between those on the tied and open 30-cm 
ridges, nor were there any differences in grain yield between the flat treatments and the 15-cm 
ridge. 
 
 
 
Table 1. Effects of method of cultivation on grain and crop residue yields of sorghum, Abet, 
1985. 
Method 
Grain yield 
(kg/ha) 
Crop residue yield 
(kg/ha) 
Flat, undisturbed 1724 3666 
Flat, disturbed 1827 4301 
15-cm ridge 2023 5243 
30-cm ridge (open) 2338 5294 
30-cm ridge (tied) 2190 5317 
45-cm ridge 2246 5453 
LSD (0.05) 400 1163 
Root density of sorghum increased with ridge height (Figure 1) for cores taken 5 and 15 cm 
from the plants. However, the density of roots was less in cores taken 15 cm from the plants. 
Figure 2 shows that there was a positive correlation between root density and grain and crop 
residue yields. 
Figure 1. Effect of ridge height on root density of sorghum, Abet, 1985. 
 
Figure 2. Relationship between density and grain and crop residue yields of sorghum, Abet, 
1985. 
 
Ridging affected the growth of sorghum. Plants grown on ridges were taller and had greater leaf 
area index than those grown on flat seedbeds (Table 2). While most of the roots of plants grown 
on the flat beds tended to concentrate in the top 15 cm of the soil, a substantial proportion of the 
roots of plants grown on ridges exploited depths below 15 cm, the proportion increasing with 
increasing ridge height (Table 3). 
Table 2. Effects of method of cultivation on plant height and leaf area index (LAI) of sorghum, 
Abet, 1985. 
Method Plant height 
(cm) 
LAI 
Flat, undisturbed 124.5 0.82 
Flat, disturbed 128.4 1.14 
15-cm ridge 140.4 1.30 
30-cm ridge (open) 144.0 1.45 
30-cm ridge (tied) 147.1 1.37 
45-cm ridge 148.9 1.43 
LSD (0.05) 7.4 0.31 
 
 
 
 
 
 
Table 3. Effects of method of cultivation on root distribution)1 of sorghum, Abet, 1985. 
Ridge height  
Depth 
(cm): 
5 cm from plant 15 cm from plant 
0–15 15–30 30–45 0–15 15–30 10–45 
Flat   96.5 2.8 0.7 75.6 22.3 2.1 
15 cm   86.2 11.5 2.3 68.3 20.0 11.7 
30 cm   83.5 14.6 1.9 59.1 34.9 9.0 
45 cm   74.5 23.6 1.9 37.8 55.6 6.6 
1 Expressed as % of total at all depths. 
Discussion 
The increase in grain and crop residue yields with increasing ridge height (Table 1) confirms 
that ridging improves crop production on ferruginous soils, where the compact structure and 
hardpan near the surface may hinder root growth and moisture infiltration (Bennet et al, 1979). 
The increase in root density with ridging observed in this study suggests that more nutrients and 
moisture can be extracted from the soil by roots of plants growing on ridges, thereby increasing 
yields. 
Plants growing on ridges had a larger proportion of their roots in the soil layers below 15 cm 
than those gown on flat beds (Table 3). Penetrometer readings in similar situations in the 
Kurmin Biri case study area increased sharply at the 15 to 25 cm soil depths, indicating 
difficulties for root growth on flat seedbeds (Vine et a1,1985).s 
Ridging appears to be particularly advantageous for soils with a periodically perched water 
table. In Abet, Mohamed-Saleem (unpublished data) observed that the water table was 7 to 15 
cm below the soil surface for more than 48 hours following heavy rains in August. Roots 
submerged during these periods will asphyxiate, and this leads to poor development. The role of 
ridging in relation to this phenomenon is demonstrated by Figure 3. In the event of waterlogging, 
about 53% of the roots of plants growing on a flat bed will be affected, as compared with 0.9% 
on 30-cm ridges and none on the 45-cm ridges. 
Figure 3. Role of ridging in preventing waterlogging, Abet, 1985. 
 
The grain and crop residue yields of sorghum on the 45-cm ridges were not significantly 
different from those on the 30-cm ridges. This indicates that 30 cm is a satisfactory ridge height 
for cropping in the subhumid zone of Nigeria. The increase in grain and crop residue yields with 
increasing ridge height suggests that other, less labour-intensive methods of cultivation, such 
as in situ disturbance of soil, cannot be substituted for ridging. 
Earlier studies carried out in the Kunmin Biri case study area (Mohamed-Saleem et al, 1985) 
indicated that planting sorghum on 30-cm ridges resulted in a yield increase of 600 kg/ha over 
planting on flat seedbeds. Although a similar yield margin was recorded in this study, the overall 
yield reported here for each treatment was approximately 1 t/ha greater than that recorded at 
Kurmin Biri. Three factors may have contributed to the differences in yields recorded in the two 
studies. Firstly, the site at Abet had been under continuous cultivation for 2 or 3 years, and the 
residual effects of fertilizer applied previously may have influenced the yield. Secondly, the 
fertilizer rate used for the experiments conducted in Kurmin Biri was lower than that used in the 
present study. Finally, rainfall during the 1985 growing season was 300 mm higher and better 
distributed than in the previous 3 years. 
Ridging after a legume fallow requires less labour than tilling a soil after a natural fallow 
(Tarawali et al, 1986). This has an important implication in the subhumid zone of Nigeria, where 
ILCA is presently encouraging farmers and agropastoralists to try legume-based cropping within 
fodder banks (concentrated units of stylosanthes pasture for dry-season supplementation of 
cattle). The lower labour requirements for tilling a fodder bank would be attractive to farmers. 
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Summary 
ALTHOUGH unconventional livestock species are reservoirs of valuable genetic resources, and 
many have traditionally been used as sources of animal protein, fiber, transport and draught 
power, very little has been done to develop their commercial exploitation. This paper attempts to 
classify unconventional livestock according to their size, ecological affinity and economic 
importance. It also discusses their use in systems with limited production resources, their 
complementarily with conventional livestock and the potential of multipurpose species for 
specialised production of products vital for the sustenance of the human population. 
Introduction 
More than 60 animal species contribute to man's daily needs of food, shelter and energy. Of this 
diverse genetic resource only the domestic species of cattle, sheep, goats, pigs and poultry play 
an important role in livestock production throughout the world. The reasons for this may be due 
to the evolution of human culture and the changing attitudes of hominids to animals, man's 
migratory movements, the availability of natural resources for animal husbandry and, last but 
not least, the presence of socio-economic factors favouring improvement of particular breeds in 
particular ecological zones. 
Breed development is closely correlated with economic development, such that performance 
specialisation, market demands and the need for more controlled and intensive production have 
encouraged the widespread use of a few genetically improved species of the so-called 
conventional livestock. However, because of climatic and ecological diversity, as well as the 
different levels of economic development in various parts of the world, there is a large number 
of other animal species which are potentially suitable for domestication and commercial 
production. These animals are regarded by the developed world as ‘unconventional’. 
The importance of unconventional animal species for livestock development, and their role in 
improving the diet of the very poor, have only recently been widely recognised. A considerable 
amount of information on unconventional livestock has been collected by the National Research 
Council of the USA (see also Mason, 1984) and many universities are incorporating the study of 
unconventional animals in their animal science programmes. In addition, some development 
agencies are advocating the exploitation of the production reserves of unconventional livestock 
to improve human nutrition in developing countries. 
Commercial exploitation of unconventional livestock is justified on the following grounds: firstly, 
unconventional livestock are adapted to harsh environments and can utilise natural resources 
that conventional stock cannot. They are thus suitable for complementary production with 
conventional species, which will enable stratified utilisation of vegetation. Secondly, integrating 
them into modified or intensified production systems will enable more efficient recycling of 
nutrients in the ecological chain. Thirdly, many of the smaller unconventional animals are easy 
to feed, manage and handle, and can therefore be raised by landless and smallholder farmers 
within the household (Vietmeyer,1984; Pich and Peters, 1985). 
Despite their now generally recognised usefulness, there is as yet no exhaustive record 
available of unconventional livestock species. In his recent review of the evolution of 
domesticated animals, Mason (1984) refers to 56 animal species in 31 families for which the 
term ‘unconventional’ is appropriate, but even his list is not comprehensive. This paper attempts 
to classify unconventional livestock species according to their ecological and economic 
importance. In addition, the factors determining husbandry of unconventional livestock are 
defined. 
Classification of unconventional livestock 
Table 1 shows the ecological distribution of economically promising unconventional livestock 
species. The species with wide ecological distribution (e.g. rabbit, guinea pig, guinea fowl, 
turkey, duck, pigeon, bee and silkworm) appear to be capable of adapting to a range of 
ecological conditions1. They are often small, which may confirm the belief that the smaller the 
animal, the better chance it has to survive in areas where forage is limited. 
1 These animals were studied by Costa (1978); FAO (1981); Lebas (1981); GTZ (1985); 
Müller-Heye (1984); Mongin and Plouzean (1984); Ayeni (1983); TüVer (1978); 
Wriessnig (1979); Crawford (1984); Clayton (1984a,b); Hetzel (1981); Wai-Ching Sin 
(1979); Hawes (1984); Drescher and Crane (1982); FAO (1976,1978,1979). 
The second group of unconventional livestock distinguished on the basis of distribution are 
those adapted to specific ecological conditions, the so-called ‘ecological niche’ animals. This 
group includes the camel, llama, alpaca, yak, banteng, water buffalo, eland, oryx, deer and such 
small animals as capybara, cane cutter, snails, frogs and reptiles2. 
2 See Mason (1984); Mukasa-Mugerwa (1981); Novoa and Wheeler (1984); Femandez-
Bata (1975); Hofmann et al (1983); Bonnemaire (1984); Epstein (1974); Rollinson 
(1984); Cockrill (1974; 1984); Ughtfoot (1977); Fletcher (1984). 
 
 
 
 
 
 
 
Table 1. World ecological distribution of unconventional livestock species potentially suitable for 
economic 
exploitation. 
 
Another useful classifying factor with respect to the role of unconventional animals in agricultural 
development is body size. Large animals can utilise feed resources under harsh eco-climatic 
conditions, while many small animals subsist on household scraps and can therefore be reared 
on small farms or within the household. 
Finally, using both classifying factors, unconventional livestock can be divided into three main 
groups: 
 Animals with a large body size and high ecological affinity, which include several 
members of the Artiodactyla. These animals can be defined as true ‘ecological niche’ 
animals. 
 Animals with a small body size and high ecological affinity, which include the capybara, 
the cane cutter, snails, frogs and reptiles, and which can be classified as animals 
suitable for particular ecological and economic niches. 
 Animals with a small body size and low ecological affinity, such as the rabbit, guinea pig, 
guinea fowl, turkey, duck, pigeon, bee and silkworm, can be defined as true ‘economic 
niche’ animals. 
Not all unconventional livestock are domesticated; some have been closely associated with man 
since ancient times, others have been tamed and are used to provide man's basic needs in 
some parts of the world, while still others have remained wild and are used only occasionally 
(Table 2). The three main types of utilisation are: 
 Production as domesticated animals, i.e. the animals are bred under human control and 
have undergone selection for specific traits; 
 Production of undomesticated animals whose breeding is controlled but not selective; 
and 
 Utilisation of wildlife, with humans exercising no control over reproduction and population 
dynamics. 
However, as Table 2 shows, some species can be used in more than one way. Attempts are 
being made, for example, to commercialise the production of such animals as alpaca, deer, the 
tropical bee and even the crocodile. 
Factors determining production of unconventional livestock 
The success of integrating unconventional livestock species in different production systems can 
be influenced by a number of biological and economic factors. 
Table 2. Utilisation of unconventional livestock in developing 
countries.  
(X) indicates less significant type of utilization. 
Large unconventional livestock 
The factors favouring production of large unconventional animals are summarised in Table 3. 
The most important is that they are physiologically and behaviourally adapted to live in 
unfavourable environments. For example, the yak and the two-humped camel have an 
undercoat which enables them to tolerate low ambient temperatures and large variations in 
seasonal temperature (Epstein, 1974; Mason, 1984); the llama and alpaca have an insulating 
coat over the exposed body parts, which helps them to withstand large diurnal fluctuations in 
temperature, and a heat dissipation mechanism, which reduces the animal's heat load from 
solar radiation (Novoa and Wheeler, 1984; Hofmann et al, 1983); the one-humped camel, oryx 
and eland can live in hot and arid environments because they have efficient water conservation 
mechanisms, long limbs and heat-reflecting coats (Mason, 1984; Lightfoot, 1977); and some 
animals (e.g. the water buffalo) respond to high heat loads and humidity through behavioural 
adaptations (wallowing and shade seeking), while others (e.g. the banteng or its domesticated 
variety, the Bali cow) have developed less profuse thermoregulatory mechanisms, such as 
cutaneous evaporation (Cockrill,1984; Rollinson,1984). 
Large unconventional animals can thrive on natural browse and forage alone. They are 
physiologically adapted to utilising feed resources of very poor quality, owing to the specific 
morphology of their stomachs and the use of rumen bacteria to break down cellulose into 
simpler, digestible compounds. The larger species in this group, such as the camel and the 
buffalo, are more efficient ruminants than the smaller ones, which are more selective in their 
feeding. 
Table 3. Factors determining production of large unconventional livestock. 
Adaptability and environmental tolerance 
Continental montane––Bactrian camel, yak 
Tropical montane––Llama, alpaca, guanaco 
Tropical arid––dromedary, oryx, eland 
Tropical humid––water buffalo, banteng 
Ability to utilise low-quality feed resources 
Rumination 
Complementary utilisation of natural vegetation 
Selective feeding––bulk-and-roughage (oryx), intermediate feeders 
                               (eland), bulk roughage (buffalo) 
Feeding behaviour––grazing and browsing 
Rangeability 
Wide range of products 
Meat, milk, fibre, manure, draught/transport 
Another factor in favour of large unconventional livestock is that, because of their different feed 
preferences (e.g. the camel feeds on thorny shrubs and salt bush, the oryx on sparse grasses 
and succulents, the eland and deer on browse, the banteng on coarse tropical grasses, and the 
yak on dry, coarse mountain grass), they can be husbanded in mixed herds or along with their 
domesticated relatives, thus enabling complementary utilisation of feed resources. In addition to 
being complementary in their feeding behaviour, large unconventional animals also have good 
rangeability, and as a result do not destroy fragile environments as quickly as conventional 
livestock (Lightfoot, 1977; Mason, 1984; Rollinson, 1984; Fletcher, 1984; Epstein, 1974). 
Lastly, when managed properly, large game animals can be an efficient means of producing 
food and other products from marginal environments. Examples are meat and manure (all 
animals in this group); milk from camels, the yak and water buffalo; and coarse and fine fibres 
from camels, the camelids and the yak. In addition, camels are also used for draught (the 
Bactrian camel) and transport (the dromedary) in many semi-arid and arid areas. The camelids 
are used for transport in the inaccessible Andean regions of South America, while the yak is 
useful as a riding and pack animal in mountainous central Asia and the buffalo and the banteng 
are a source of farm power in Southeast Asia. Without doubt, multipurpose animals such as 
these are of great importance for sustaining economic activity in harsh environments, but their 
productive versatility may prove to be a constraint to their exploitation in specialised systems. 
Small unconventional livestock 
Table 4 shows the factors determining production of small unconventional livestock. The 
biological determinants include genetic adaptation to specific ecological niches, high 
reproductive performance, and efficient utilisation of feed resources, including seeds, insects, 
offal and weedy vegetation. 
Table 4. Factors determining production of small unconventional livestock. 
Specific adaptability to ecological niches  
High reproductive capacity 
Short generation interval 
Large litter size 
Fast juvenile growth 
Efficient utilisation of nutrients 
Low input for the reproduction unit 
Extended utilisation of feed resources 
Minute feed –– pigeon, guinea fowl, duck, turkey, bee, snail  
Household scraps –– guinea pig, rabbit 
Live or dead 
animal material –– crocodile 
Limited competition with humans for feedstuffs 
Utilise roughages and edible byproducts of food processing 
Flexible adjustment of livestock holding to available resources   
Animals are small, prolific and have a fast turnover 
Low production risk 
Small initial investment, fast returns 
Easy to market or consume at home 
Can be transported alive without difficulty; provide cash or meat in small quantities 
The capybara, the largest living rodent, is adapted to the hot and humid conditions of Latin 
America (Gonzales-Jimenez, 1977), while other microlivestock, such as birds, bees and snails, 
have become adapted to specific ecological niches by developing into different breeds and 
races (Mongin and Plouzean, 1984; Drescher and Crane, 1982; Elmslie, 1984). Small animal 
species are generally characterised by short generation intervals, large numbers of offspring 
and fast growth of young, and these are precisely the attributes that make their use particularly 
important in the context of smallholder farming. The high reproductive capacity of small 
unconventional animals reduces the proportional energy requirement of the reproductive unit, 
resulting in a more efficient utilisation of nutrients in the production process. Thus they can 
improve resource utilisation in small-scale and backyard production systems or in marginal 
environments. 
The economic determinants for producing small unconventional livestock are associated with 
the biological efficiency of these animals. For example, rabbits, guinea pigs and the cane cutter 
can digest almost any form of edible greenstuff, ranging from coarse grasses to roughages and 
household scraps (GTZ, 1985; Müller-Heye, 1984; Asibey, 1974; Ewer, 1969; Pich and Peters, 
1985). Apart from not competing with humans for food, these animals are easy to house and 
manage, and can thus be incorporated into mixed production systems to expand the available 
food resource base. Similarly, the freeranging ducks, pigeons and bees, and edible snails which 
utilise decaying material, could be used to achieve more efficient recycling of nutrients in the 
ecological chain (Wai-Ching Sin, 1979; Hawes, 1984; Crane, 1978; Drescher and Crane, 1982; 
Elmslie,1982,1984). 
Commercial production of small unconventional animals is undemanding in terms of capital 
investment and skills needed for their husbandry. It also presents minimal economic risks. 
Some species (e.g. rabbits) are commonly eaten, while others (such as snails in France and 
grasscutters in Ghana) are in great demand as gourmet delicacies; marketing these animals 
can therefore provide cash in addition to valuable protein for home consumption. Last but not 
least, the smaller quantities of meat from small animals can be consumed at once without 
wastage, which is an important consideration where refrigeration is not available for storing the 
carcass (Vietmeyer,1984; Mensah, 1985; Pich and Peters, 1985; Lebas, 1981; Hodasi, 1984; 
Castillo, 1981). 
Factors limiting production of unconventional livestock 
The use of unconventional livestock to exploit marginal natural resources or the production 
capacities of small economic units is constrained by a number of problems combining socio-
economic, organisational and infrastructural aspects. The most important constraints limiting the 
production of different categories of unconventional livestock are discussed in the following 
subsections. 
Large domesticated animals 
Table 5 summarises the specific problems limiting production of large domesticated animals. 
 
 
 
Table 5. Constraints limiting production of large domesticated animals. 
 Strong association with ethnic groups 
  Depriving animals of their original functions, 
which endangers animal populations and 
human existence 
 Insufficient information about genetic resources 
for specialised production systems 
 Limited genetic progress, due to lack of 
breeding strategies, small population sizes and 
multipurpose production 
 Lack of information on productivity in modified 
and intensive production systems 
The selection of animals for different production and behavioural traits during the process of 
domestication, and the strong dependence of man on livestock for subsistence, may have 
contributed in large part to the close associations which exist between ethnic groups and 
particular animal species. These associations can be observed across ecological zones, as in 
the case of colonialists who prefered to import their own breeds of cattle and smallstock rather 
than use the local species, and within zones, where they often serve as a basis for 
distinguishing between related ethnic groups. Examples are the camel-owning Gabbra and the 
cattle-owning Borana pastoralists of East Africa. 
Apart from the one-humped camel, which in many ways sustains the life of nomads in 
northeastern Africa and in the Near East (Gauthier-Pipers and Dagg, 1981; Mason, 1984), the 
yak and the camelids also have very strong associations with ethnic groups (Epstein, 1974; 
Fernandez-Baca,1975; Hofmann et a1,1983). For example, the llama and alpaca played a 
major role in the Andean culture, reaching their maximum distribution and population numbers 
under the Inca empire, and even now they are kept mainly by the Puna ethnic group in Peru. 
The yak, on the other hand, plays an important role in the life of Tibetan and Mongolian pastoral 
societies, providing milk, fibres, leather, meat, manure and draught power. Thus the existing 
ethnic barriers, which may have very strong historical, religious and economic roots, must be 
overcome before these animal species can be introduced successfully into other countries with 
comparable eco-climatic conditions. 
Another serious limitation to the production of large animals with high ecological affinity can 
arise if they are deprived of one of their original functions. For example, the introduction of 
mechanised transport into some arid and semi-arid areas has reduced the importance of camels 
as draught, pack and riding animals in these areas, which, in turn, has resulted in declining 
stocks and, in extreme cases, depopulation. The buffalo met a similar fate in Southeast Asia, 
where the adoption of improved rice production systems in the 1960s was accompanied by an 
expanded use of tractors for soil cultivation. Similarly, the exploitation of camelids and the 
Bactrian camel for high-quality fibre is limited by the preference given in many cultures to sheep 
wool and by fashion trends. 
Information is urgently needed about the genetic resources of large unconventional livestock for 
specialised production of milk (camels, yak, water buffalo), meat (camels, yak, buffalo, banteng, 
eland, oryx) and fibre (camels, camelids and yak). However, due to the remoteness of current 
production, research on these animals has not progressed beyond a few systematic genetic 
studies end breeding programmes initiated mainly by wildlife conservationists. Furthermore, 
their genetic improvement through selective breeding is severely restricted by the small, active 
breeding populations available. Useful genes may be lost if suitable breeding strategies are not 
developed soon. Studies are also needed on the productivity of large unconventional animals in 
improved or intensive production systems. 
Small domesticated livestock 
The constraints limiting production of small domesticated animals are summarised in Table 6. 
As with poultry, the contribution of these biologically highly efficient animals to livestock 
production is seriously underestimated: livestock statistics give only estimates of their 
populations and virtually no indication of their offtake. Being generally considered a mere 
adjunct to ‘mainframe’ livestock enterprises, production of small animals receives very little 
attention from researchers, development planners and politicians. Moreover, improvements in 
backyard production are often difficult to achieve, due to its dispersed nature and because the 
people who keep micro livestock can ill afford to spend cash on production inputs. As a result, 
the management expertise and veterinary services necessary for more efficient production of 
small unconventional animals are lacking. 
Table 6. Factors limiting production of small domesticated animals. 
 Underestimated importance as sources of food and income 
 Low priority given in research and development 
 Lack of management skills and veterinary inputs 
 Limited scope for improving backyard production systems 
 Scarcity of scientific expertise and funding for commercial 
production of economically promising species 
 High labour demand of commercial production 
Small-scale commercial production of bees for wax and honey; silkworm for silk; rabbits for 
meat and fibre; guinea pigs, pigeons, turkeys, snails and frogs for meat; ducks for eggs and 
down; and guinea fowl for eggs and meat requires detailed studies on the management, health, 
nutrition, and reproductive performance of these species under improved conditions. Existing 
development strategies aim at developing specialised production systems, but there is also a 
need to develop integrated systems in which the production of these animals will be combined 
with other farm enterprises. 
Although small animals are advantageous in that they require low initial investments and enable 
fast returns on capital and efficient resource utilisation, their commercial husbandry requires 
high labour inputs. As a result it is limited to countries with restricted employment options. 
Undomesticated livestock 
Production of undomesticated animals encounters three main problems (Table 7). Most tame 
species have wild conspecies which are protected by wildlife legislation. While this legislation is 
undoubtedly important for the conservation of species which do not reproduce in captivity (e.g. 
turtle), it may constitute an obstacle to the economic utilisation of those animals that have been 
successfully bred under controlled conditions (e.g. crocodile) or those that are semi-
domesticated (e.g. eland, oryx and guinea fowl) (Lightfoot, 1977; Mongin and Plouzean,1984; 
de Vos, 1984; Schröder,1986; NRC,1983). 
Table 7. Factors limiting controlled production of undomesticated animals. 
 Legislation to protect wild conspecies imposes 
limitations on the economic utilization of 
undomesticated animals 
 Higher disease tolerance; can act as natural 
disease reservoirs 
 Lack of appropriate husbandry techniques 
When developing production systems for complementary resource utilisation by species of the 
same order (e.g. cattle and eland; camel and oryx), the differences in their susceptibility to 
diseases must be taken into account. Undomesticated animals act as natural reservoirs of 
disease, but their role in transmitting it to conventional livestock is often exaggerated, and where 
transmission is possible, such as in the case of rinderpest and tick-borne diseases, it can be 
averted by applying some form of disease control. 
Finally, we need to know more about the biological traits of small undomesticated animals (e.g. 
capybara, cane cutter, African snail and frogs) in order to develop husbandry techniques 
facilitating their efficient production in various ecological niches. A pioneering work in this 
respect has been done by GTZ (Gesselschaft für Technische Zusammenarbeit) which assists 
research and development schemes for cane cutter production and snail farming in West Africa 
(Mensah,1985; Pich and Peters, 1985). 
Wildlife 
The main prerequisite for sustained game utilisation is the availability of detailed information 
about population dynamics (Andreae, 1982; Bolton, 1980; Ehrenfeld, 1974). Collection of data 
on population size, reproduction rate, generation interval and potential offtake from game 
animals is technically feasible, but only at great expense. Thus lack of funds for data collection, 
coupled with difficulties in enforcing laws against indiscriminate hunting, are the major 
constraints to controlled game utilisation in developing countries. Other problems are lack of 
advanced management and hunting skills and suitable marketing infrastructures (Table 8). 
Table 8. Factors limiting controlled game utilisation. 
 Lack of funds to generate data on population dynamics 
 Difficulties in enforcing game conservation laws 
 Low product quality from traditional game utilisation systems 
 Lack of improved management and hunting skills 
 Lack of marketing infrastructures 
Conclusions 
Unconventional livestock species are valuable genetic resources which can contribute 
substantially to the economies of developing countries. Although many of them are used 
traditionally as sources of meat, fibre, transport and draught power, they have not been studied 
systematically and little thought has been given to improving their production. Yet their ability to 
utilise poor-quality feed under harsh environmental conditions and the ease with which they can 
be incorporated into systems with limited production resources make them highly suitable for 
commercial exploitation in many tropical regions. 
A possible area of development is stratification of livestock production on the basis of the 
biological and economic advantages of conventional and unconventional animal species in 
order to achieve more efficient utilisation of natural resources. Integrating unconventional 
livestock into mixed crop–livestock production systems will improve the recycling of nutrients 
and expand the food chain. However, the successful use of unconventional livestock in modified 
production systems is subject to a thorough understanding of their biological potentials and of 
how they fit into these systems. This can best be achieved by intensifying multidisciplinary 
research. 
Another pressing need is genetic improvement of large unconventional livestock species for 
specialised production of meat, milk, fibres and other products. With regard to micro livestock, 
research and development efforts should concentrate on improving nutrition, health and 
husbandry skills and on selecting new, more productive species. Commercial utilisation of game 
animals has limited prospects at present, mainly because many developing countries are unable 
to meet the financial commitments associated with this type of production. However, ‘bushmeat’ 
is and will continue to be an important source of animal protein for subsistence farmers in 
remote areas, and for this reason the contribution of wildlife to human diets needs to be 
recorded and evaluated. 
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List of abbreviations 
ANOVA analysis of variance 
BBF broadbed and furrow 
Ca calcium 
cal calorie 
CI chlorine 
Cu copper 
Fe iron 
ha hectare 
HTS Hunting Technical Services 
ICRISAT International Crops Research Institute for the Semi-Arid Tropics 
K potassium 
kg kilogram 
kN kilo Newton 
LAI leaf area index 
LSD least significant difference 
LW liveweight 
MSnF milk solids-not-fat 
N nitrogen 
Na sodium 
n. a. not available 
NAPRI National Animal Production Research Institute (Nigeria) 
Ni nickel 
P phosphorus 
SD standard deviation 
sec second 
W watts 
WSDC Western Savanna Development Corporation 
Zn zinc 
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Policy and audience 
The aims of the ILCA Bulletin are to present the results of livestock research by scientists at 
ILCA and at African national institutes, spread the knowledge of results in related disciplines, 
encourage national scientists to test new research techniques and technological innovations, 
and stimulate the adaptation to local conditions of applied research carried out by ILCA. 
Thus the main audience of the ILCA Bulletin is made up by the following groups in sub-Saharan 
Africa: scientists working in livestock research and related fields, agricultural policy makers, 
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Ethiopia. Papers submitted will be reviewed by two internal referees whose comments will be 
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Format and style 
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address, and telex number if available. Articles should include a summary and, whenever 
possible, the following sections: introduction, materials and methods, results and discussion. 
The findings reported should be discussed in the broader context of livestock and agricultural 
production in Africa. 
Data in figures and tables should be clearly presented and their salient points adequately 
discussed in text. In the case of figures please send original artwork with the final copy, not 
photocopies. Sources of figures and tables should be referenced. Abbreviations and symbols 
used in a figure or table should be explained in footnotes below. Good-quality black-and-white 
photographs are acceptable for publication. A full list of references must appear at the end of 
the paper, and authors may also include acknowledgements, disclaimers and/or a list of less 
common abbreviations and acronyms. 
Metric units of measurement should be used (e.g. t/ha, kg, g, m and km). Where confusion is 
likely between 1(one) and the abbreviation of litre (1), spell out the latter. The numbers one to 
nine should be written as words, except when used as measurements or units of time (e.g. 1 kg, 
1 day, 1 hour but one cow). All other numbers should be written as numerals: note that numbers 
from 1000 to 9999 should be written without a comma or space, while from 10 000 onwards a 
space should be included. Articles will be edited to maintain a uniform style; substantial editorial 
changes will be referred to authors for approval. 
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MS = mean square; CV = coefficient of variation. 
Distinguish between ‘East African Short-horned Zebu’ (specific breed) and ‘zebu’ cattle 
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(breed) but ‘the dwarf goats of West Africa’ N'Dama cattle etc.; sp./spp. = species (sing./pl.); 
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